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INTRODUCTION 


1-1, PURPOSE OF MANUAL 


This manual contains operation and maintenance instructions for the 
ASN-24 Computer and associated test equipment, designed and manu- 
factured by Librascope Division, General Precision, Inc., and is 
written to the level of field engineers and technicians who are skilled 


in the handling of digital computers. 
1-2. PURPOSE OF EQUIPMENT 


The ASN-24 Computer is a versatile, general-purpose, electronic 
digital computer which, by virtue of its non-fixed internally-stored pro- 
gram, is easily adaptable for many commercial, scientific, and mili- 
tary uses. In addition, the computer's small size andweight and its low 
power requirements make it well suited for application in compact 


systems. 

1-3, DESCRIPTION _ 

The computer occupies 0.55 cubic feet of space, weighs 31 pounds in- 
cluding its magnetic memory drum, and has a memory capacity of 2560 
words. An input-output unit, expressly designed for the specific com- 
puter application, is used with the ASN-24, 


1-4, POWER REQUIREMENTS 


The computer requires the following DC power: 


Voltages Watts 


+60 Sih 
+35 223 
+23 6.1 
+20 et 

-8 2.0 
-20 17.4 


The computer also requires 30 watts of 115V AC, 400 cycles, 3 phase, 


assuming a power factor of 50 percent. A total of 110 watts of AC and 


DC power are required. 


Section II 
PHYSICAL DESCRIPTION 


Bias WEIGHT AND VOLUME 
The computer weighs 31 pounds and is 0.55 cubic feet in volume. 
Cae MAGNETIC MEMORY DRUM 


The magnetic memory drum has a 4-1/2-inch diameter, is 3-1/2 inches 
long, and is driven by a 400-cycle, three-phase, hysteretic synchronous 
motor at 6000 rpm. The drum surface has 1600 equidistant grooves 
along its full length. The grooves are filled with magnetic material to 
a depth of 0.0015-inch. Sixty-three magnetic heads are mounted 0.001 
inch from the surface of the drum. Each head can magnetize the ma- 
terial in the grooves to a 0.050-inch wide channel or track. The heads 
are spaced to provide for 47 separate channels (some have more than 
one monitoring head). Channels are subdivided into 25-bit words, 64 


words per channel. Two of.the main design features of the drum are: 


a. The bearings, housing, drum, and associated structure are de- 
signed to ensure a change in read-record head-to-drum spacing of less 


than 0.0001 inch in an airborne environment. 


b. The motor is designed as an integral part of the drum, produc- 


ing a lighter and more compact assembly. 


2-3, READ-RECORD HEADS 


~- 


a. Size: case, 0.4-in, diameter by 0.75-in. long; core, 0.3-in. long 


by 0. 25-in. wide with 0.05-in. square cross-section. 


b. Material: case, aluminum; core, ferramic H. 


c. Core gap: 0.001 in. with silver shim filling gap. 
d. Turns: read, 600; write, 100 center tap. 
e. Shielding: 0.04-in. thick Mu metal. 


f. Inductance: read, 16 millihenries; write, 0.06 millihenries for 


half-head. 


The core is secured to the case as close to the gap as possible so that 
temperature variations will result in small absolute variations in drum 
surface-to-head spacing. The cores are mechanically mounted in the 
case and are entirely enclosed (except for pole pieces), thereby pre- 


venting entrance of foreign particles. 
2-4, CIRCUIT CARDS 


The computer has 19 circuit cards. Nine are large, 9-1/2 X6in., and 


ten are small, 4xX6in. (see figure 2-1), Each large one has two 37- 
pin connector sections; each small one has one 37-pin connector section. 
Listed below are each type of card and identification numbers. 


a. Five large flip-flop cards, numbers l, 2, 3, 4, and 9. 
b. Two large write amplifier cards, numbers 5 and 6. 

c. Two large read amplifier cards, numbers 7 and 8. 

d. Four small flip-flop eee aie: numbers 15, 16, 17, and 19, 
e. Two small read amplifier cards, numbers 11 and l2. 

{. Two small head switching cards, numbers 10 and 18. 

g. One small emitter follower card, number 13. 


h. One small write amplifier and clock generator card, number 14. 


“ (+ omen S 


CARD NO 19 (FLIP-FLOP) 
P19 

CARD NO {8 (HEAD SELEC MATRIX ) 
PI8 


CARD NO I7 (FLIP-FLOP) 
P| 
CARD NO 16(FLIP- FLOP) 
CRUM ASSEMBLY PI6 


CARD NO 15 (FLIP-FLOP) 
PI5 


CARD NO |\QCLOCK EWRITE AMP) 


Pid 
CARD NO I3(EMITTER FOLLOWER) 
pi3 
| : 
1 


CARD NO 12 (geap AMP) 


CARD NOII(READAMP) 
Pp 


CARD NOIO (HEAD SELEC MATRIX) 
Fe eee eee P10 


Pe. CARD NO9 (FLIP-FLOP) — PI, 


CARD NO&(READ Amp) 


CARD NO7 (READ AMP) 


CARD NO6 (WRITE AMP) 


CARD NOS (WRITE AMP) 


CARD NO4 (FLIP-FLOP) 


CARD NO3 (FLIP-FLOP) 


CARD NO2 (FLIP- FLOP) P2, 
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Oo 


CARD NO} (FLIP-FLOP) Pia 
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Figure 2-1. Computer Component Location 


Section IIl 
ELECTRICAL DESCRIPTION 


3-1, GENERAL 


All electronic circuits in the computer are designed to operate under 
severe environmental conditions and to tolerate large differences in 
individual component parameters and a wide variation in supply line 


voltage. 
3-2. COMPONENTS 
3-3, Resistors 


The resistors are 1/4-watt, carbon composition-type, have low dielec- 


tric loss, high DC resistivity, and high thermal shock resistance. 
3-4, Semiconductors 


The semiconductors in the ASN-24 Computer are silicon transistors 
and diodes with high back resistance and low leakage characteristics 

at high temperatures. The higher collector voltage ratings of silicon 
transistors permit larger logic swings. This reduces the susceptibility 


of the computer to noise disturbance. 
oe Magnetics 


The magnetic heads and flip-flop input transformers have ferrite cores. 
Although ferrites tend to change their magnetic characteristics over 
temperature extremes, the ferrites in the ASN-24 Computer have a 


comparatively flat permeability curve over the operating temperature 


range and have a minimum decrease in saturation flux density with in- 
creasing temperature. Silicon steels and permalloy, which hold their 
magnetic characteristics over a large temperature range, are used in 


some transformers. 
3-6, Capacitors 


Most of the capacitors are a solid tantalum type, have high dielectric 
and insulation strength, and have no derating of voltage over a large 
temperature range. The very small capacitors are the subminiature 


ceramic type. 
oe CLOCK AMPLIFIER 


a. Type: DC preamplifier, trigger-shaping stage, blocking oscilla- 


tor, power stage. 


b. Transistors: three 2N337, preamplifier; one 2N337,blocking 


oscillator; one 2N699, power stage. 
c, Input: 300 millivolts minimum into 5000 ohms. 


d. Output: 1.5 watts peak; 12-volt negative pulse and 5-volt positive 
pulse (read sync), each of 1 usecduration; rise time, 0.15: gsec; and 


fall time, 0.4 wsec (fully loaded). 
-e. PRF: 100 to 200 ke. 


f. Total power dissipation: 900 milliwatts. 


Because a pulse amplification-clipping technique is employed in the pre- 
amplifier section, there is no change in phase shift, output relative to 
input, as a function of input amplitude, frequency, or temperature. 
Stabilization in the regenerative feedback circuit of the blocking oscil- 
lator makes the pulse width independent of temperature and transistor 
parameters. A DC gain of less than one provides a high degree of sta- 


bility in the DC preamplifier. See figure 3-1. 


NOTES: 


1. INTERPRET ABBREVIATIONS 
PER MIL- STD-/2 AND MIL-STO-/03. 

2. INTERPRET ELECTRICAL AND ELECTRONIC 
SYMBOLS PER MIL-STD-/5. 

3. SELECT VALUE OF F?/2 AT FINAL TEST, 
NOMINAL VALVE 185 $/O 1 

4. INTERPRET ELECTRICAL AND ELECTRONIC REFERENCE 
DESIGNATIONS PER MIL-STD-16 

5. REFER TO ODRAW/NG L 53600/508 FOR 
ASSEMBLY DRAWING. 
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Figure 3-1. 


Clock Amplifier, 


Schematic Diagram | 
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3-8, FLIP-FLOPS 


a. Type: bi-stable Eccles-Jordan with output buffers and power gain 
stages. Logically a J-K type flip-flop (inherent cross-coupled feedback 


from the output of one side to the input of the other). 


b. Transistors: two 2N337, flip-flop; two 2N337, emitter follower 
buffers; and two 2N699, power gain stages. 


c. Input: clock pulse six volts minimum; 1 psec duration and 5 


milliwatts; transformer-coupled. 


d. Output: 26 volts (+9 to +35 volts); 1 wsec rise time and 0.5 psec 
fall time; drive approximately 40 gates at 0.55 ma/gate. 


e. PRE: Oto 200 kc. 


f. Total power dissipation: 300 milliwatts (fully loaded). 


Collector saturation in all transistors is prevented by a technique which 
also compensates for transistors'.gain variation. Compensation is pro- 
vided for change in leakage currents. The lower level of output is reg- 
ulated to ensure that an equal division of load current is supplied to a 


multiple input AND gate. See figure 3-2. 
3-9. DIODE GATES 


a. Type: AND-OR pyramid win a flip-flop input at apex. 
b.. Diodes: HD6621. 

eG. Inputs +9-to:-t55-volts, 

d. Current paneer ratio: 0.8 maximum. 

e. PREF: 300 kc maximum. 


f. Power dissipation: 28 milliwatts per AND-OR gate. 


The number of AND and OR inputs permitted ina single gate structure 


exceeds that required for instrumenting the logic. 


INTERPRET ABBREVIATIONS PER MIL-STD-12 
INTERPRET ELECTRICAL AND ELECTRONIC SYMBOLS PER MIL-STD-IS. 


\. 
Va 
3. INTERPRET ELECTRICAL AND ELECTRONIC REFERENCE DESIGNATIONS PER MIL-STD-lo. 
4 REFER TO DRAWINGS 536001504, L536 001505 €1536001506 FOR ASSEMBLY DRAWINGS. 
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Flip-Flop, Schematic Diagram 
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3-10. EMITTER FOLLOWERS 


a. Type: seenase d. 

b. Transistors: one 2N697 per emitter follower. 

c. Input? direct drive from the logic (+9 to +35 volts). 

d. Output: direct drive from the emitter (+9 to +35 volts) with logic 
pull-down resistor. | 


e. PRF: Oto 500 kc. 


Transistors are allowed to saturate as there is no minority carrier 
storage problem in this configuration. This permits minimum dissipa- 
tion of power in transistors, maximum utilization of logic swing, and 


increased reliability due to reduction of components. See figure 3-3. 
3-11. WRITE AMPLIFIERS 


a. Type: push-pull pulse recording on milled tooth channels. For 
recording "'one" or ''zero'! there is flip-flop type input, blocking oscil- 


lator, intermediate power stage, power output stage. 


b. Transistors: two 2N699, blocking oscillators; two 2N341, inter- 


mediate stages; two 2N389, output stages. 


c. Input: negative clock pulse, six volts minimum, Il ysec duration, 


transformer -coupled. 


d. Output: 300 ma current pulse of 2.5 wsec duration into 50-turn 
magnetic record head represents 15 ampere turns of magnetic field 
strength required from write head for recording; 0.5 usec rise time 


and 0.7 wsec fall time. 

e. PREF: 100 to 180 kc. 

f. Total power dissipation: l watt. 
The input is logically a flip-flop input of set-reset type with additional 
capability of inhibiting recording of both "one'! and "zero'’. By clamp- 


ing collector and/or controlling emitter current, the transistors are 


not allowed to saturate. The pulse width, as determined by the blocking 
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+ 35V 


INPUT 
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—20V 


Figure 3-3, Emitter Follower, 


Schematic Diagram 


oscillator, is independent of transistor parameters. The stability fac- 
tor for transistors (dI,/dI.,) is less than two in all stages. A current- 
limiting feature in the output power stage prevents power runaway. See 


figure 3-4, 
3-12. PREAMPLIFIERS 


a. Type: emitter follower. 

b. Transistors: one 2N495(PNP) each read head. 

c. Input: 0.5 volt peak-to-peak sinusoidal into 10K load. 
d. Output: 0.5 volt peak-to-peak. 

e. Amplifier response: 100 to 250 kc. 


f{. Total power dissipation: 10 milliwatts. 


The emitter follower preamplifiers are mounted close to each read 
head on the drum, permitting switching of heads and increased driving 


capabilities while reducing noise interference. See figure 3-5. 
3-13, HEAD-SWITCHING MATRIX 


a. Type: diode-gated. 

b. Transistors: included in preamplifiers. 

c. Input: Logic signals +9 to +35 volts. 

d. Output: head signal (0.5 volt peak-to-peak). 
e. Amplifier response: 100 to 250 kc. 


f. Total power dissipation: 850 milliwatts. 
3-14, READ AMPLIFIERS (READ FLIP-FLOPS) 


a. Type: amplifier with modified flip-flop. 


b. Transistors: two 2N337 and to 2N697, amplifier; two 2N337, 
gating; four 2N337 and two 2N699, flip-flop. 
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Figure 3-6. 
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c. Input: 300 millivolts minimum into 5000 ohms. 
d. Output: standard flip-flop. 
e. Amplifier response: 100 to 250 kc. 


f. Total power dissipation: 850 milliwatts. 


A DC gain of less than one in the amplifier provides a high degree of 
stability. Collector saturation is prevented in all stages. The signal is 
symmetrically clipped and shaped independently of changes in the opera- 
ting point and parameters of the transistors. To eliminate noise and 
feedback through the power supply, collectors of transistors in the am- 


plifier stages are decoupled. See figure 3-6, 
3-15. DRUM 


a. Type: milled; hysteretic synchronous motor, 400 cycles, 3 phase. 
b. Tracks: 47. 

Cr Sikerper track: 1600. 

d. Bit rate: 160 kc at 6000 rpm. 

e. Input: magnetic field from write head. 

f. Output: read by read head (non-destructive read-out). 


g. Total power dissipation: 30 watts AC (steady state). 


Section IV 
THEORY OF OPERATION 


4-1. GENERAL 


The ASN-24 Computer performs arithmetic and logical operations called 
orders. These orders include such operations as add, subtract, multi- 
ply, divide, extract, and conditional transfer. An order is a part of an 
instruction; other parts of an instruction define the address of the oper- 
and on which the order is to be performed and the address of the next 
instruction to be performed. Instructions are sequentially arranged to 
form a program which enables the computer to solve mathematical oper- 
ations of various complexities. A program, when internally stored on 
the computer's memory drum, governs over-all computer operation, 
whereas a system of internally-fixed logic and control patterns governs 
the method by which the computer performs each type of instruction. It 
is essentially the built-in logic and control system, and not a specific 


program, that is the concern of this section on theory of operation. 


Information stored in the computer is of two general types: control data 
and numerical data. Control data governs machine operation; numerical 
data is processed under specific control conditions. All information in 
the computer is represented by electrical pulses within the circuitry and 
by magnetic polarities on the memory drum. Two voltage levels, or | 
magnetic polarities, are significant: a high voltage level (+35 volts) or 
magnetic polarization in the north direction represents the presence of 
a condition, or ''l'' state; a low voltage level (+ 9 volts) Sa magnetic po- 
larization in the south direction represents the absence of a condition, 
or "0" state. Slight amplitude variations are meaningless. The signi- 
ficance of the conditions thus represented is dependent on the point and 
time at which they occur. Thus, a high and low voltage, respectively, 


may signify at various points and times any of the following: the binary 


digits 1 and 0 to some power of the base 2, the arithmetic signs - and +, 
or simply the presence or absence of some specific control condition. 
Information is stored magnetically over extended periods of time on an 
oxide~coated, rotating drum. During brief intervals, when information 


is being processed, it is stored in flip-flop circuits. 
4-2. BASIC LOGICAL ELEMENTS 


Any presentation of the theory of operation of the ASN-24 computer must 
employ logical equations and equivalent pictorial symbols to represent 

the electronic circuitry. Through use of these symbols, all unnecessary 
repetition of standard electronic details can be avoided. At the same time, 
all pertinent information can be presented concisely. The basic electronic 


elements are described in section III. 


Although the basic electronic circuits used in the computer are relatively 
simple, the computer as a whole is a complex machine. This complexity 
arises from the fact that the computer is essentially an elaborate switch- 
ing network with many switching configurations. A knowledge of configu- 
rations which define the theory of operation is necessary for successful 


diagnosis of machine malfunctions. 


The symbology used to represent the basic elements is shown in figure 


4-1 and the logical functions of these elements are described in the follow- | 


ing paragraphs. 
4-3. AND Gate 


An AND gate is a logical device whose output follows its lowest input level. 
When all inputs are high, the output is high. When any or all inputs are 


low, the output is low. An AND gate is represented in row a of figure 4-1. 


4-4, OR Gate 


An OR gate is a logical device whose output follows its highest input level. 
When any or all inputs are high, the outputis high. When all inputs are 


low, the output is low. An OR gate is represented in row b of figure 4-1. 
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NOTE: 
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ARE ARBITRARY AND DO NOT 
DEFINE ANY ACTUAL CIRCUITS 


Figure 4-1, Circuit Symbology 
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4-5. Flip-Flop 


A flip-flop is a bi-stable device having complementary outputs. It is used 
as a temporary storage medium. The two states which a flip-flop may 
assume are referred to as its set and reset states. A flip-flop is in the 

set state (also called true or 1 state) when its non-barred output is high 

and its barred output is low; itis in the reset state (also called false or 0 
state) when its non-barred output is low and its barred output is high. A 
flip-flop sets, as shown in row c of figure 4-1, when its set input (desig- 
nated by a non-barred lower case letter) is high, its barred output is high, 
and a clock pulse T occurs. Conversely, a flip-flop resets when its re- 

set input (designated by a barred lower case letter) is high, its non-barred 
output is high, and a clock pulse T occurs. A flip-flop's cross-coupling and 
clock triggering logic terms are not repre sented symbolically in either the 
pictorials or the logic equations because this logic is internal to a flip-flop. 
Because of clock pulse triggering of flip-flops, a one-bit delay is created 
between the time a flip-flop changes state and the time its outputs have 


effect upon other flip-flops. 
4-6. Emitter Follower 


An emitter follower is a device whose output follows its input. There is 
no significant time delay between input and output signal levels. Emitter 
followers have no inherent logical function; they are used to provide power 
gain for heavily loaded signals. An emitter follower is shown in row d of 


figure 4-1.. 
4-7. Read Flip-Flop 


A read flip-flop (also called read amplifier) is a device which receives 
its input from an associated read head and generates two complementary 
outputs. When an associated read head senses a''l'"'’ on the drum, the 
read flip-flop produces a high A output and a low A output; when the read 
head senses a ''0'' on the drum, the read flip-flop produces a low A output 


and a high A output. A read flip-flop is shown in row e of figure 4-1. 


4-8. Write Amplifier 


A write amplifier is a device which receives complementary inputs from 
a flip-flop and generates high current pulses to an associated write head. 
When the write amplifier receives a high "'a"' input, a "'l'' is written on the 
drum; when it receives a high Nal input, a ''0'' is written on the drum. 


A write amplifier is shown in row f of figure 4-1. 
4-9... MEMORY SECTION 


The memory section is the major information storage medium in the com- 
puter. It comprises the memory drum, its associated read/record heads 
and their respective read flip-flops or write amplifiers, preamplifiers, 


and the head selecting matrix. 
4-10. Memory Drum 


The memory drum is a cylindrical, motor-driven unit which is rotated 

at a nominal speed of 100 revolutions per second. On the periphery of 

the drum and running parallel to its rotational axis are 1600 magnetic 
oxide-filled grooves. These grooves are evenly spaced around the drum. 
Encasing the drum is an aluminum shroud on which read/record heads are 
installed. A read/record head thus defines a particular line around the 
drum which intersects each of the 1600 grooves during one drum revolu- 
tion. These 1600 bit paths are called tracks. A track may have one or 


more read/record heads, depending on its function. 


4-ll. Read/Record Heads 


The read/record heads are similar; however, the function of each head 

is determined by its wiring to either a read flip-flop or to a write ampli- 
fier. Each read/record head is wired either to one or the other of these 
circuits, never to both. A read/record head wired to a write amplifier 
continuously records information onto its associated track; a read/record 


head wired to a read flip-flop continuously reads information from its 


associated track. A read/record head wired to a read flip-flop will sub- 
sequently be referred to as a read head; a read/record head wired toa 
write amplifier will be referred to as a write head. The process of 
writing information erases automatically any previously recorded infor- 


mation. No special erase process is necessary. 
4-12. Tracks 


The drum shroud contains 63 read/record heads which define 47 tracks 
on the memory drum. These tracks and their associated heads and 
read flip-flops or write amplifiers are shown in figure 4-2 and are de- 


fined in the following paragraphs. 
4-13. Clock Track 


The clock track is prerecorded with each of its 1600 grooves polarized 
in the same direction. The clock track has one associated read head 
which feeds amplification and wave-shaping circuits located in the clock 
amplifier (see figure 4-2). The clock amplifier generates spiked pulses 
at a frequency of approximately 160 kilocycles (1600 pulses per drum 
revolution at 100 revolutions per second). These spiked pulses, called 
clock pulses, provide a 12-volt negative-going pulse, T, which is used 
to trigger all flip-flops in the computer with the exception of the read 
flip-flops which are triggered by a 5-volt positive-going pulse, T. The 
clock pulses are used to synchronize the computer circuitry with the 
memory drum. This synchronization is accomplished by triggering all 
flip-flops with clock pulses, thereby preventing change of state of flip- 
flops during the intervals between clock pulses. Since the computer cir- 
cuitry is synchronized from the memory drum, slight variations in the | 
rotational speed of the drum cannot adversely affect computer operation. 
Setting and resetting of flip-flops is accomplished only at clock pulse 


time, as shown in row c of figure 4-l. 
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Figure 4-2, Memory Section 
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4-14, Sector Address Track 


The sector address track contains permanently-recorded control infor- 
mation which is continuously read by the Sot read flip-flop via its as- 
sociated read head (see figure 4-2). The primary function of the sector 
address track is to define each of the 64 sectors of the main memory 
tracks to enable location of particular words for computing purposes. A 
sector is a 25-bit, one-word, storage segment. The sector address track 
also provides synchronization pulses which are used to initially enter, and 
then maintain, the pulse time indicator in synchronism with the drum. In 
addition, the sector address track furnishes control codes used for set- 
ting the input-output selection register and the sigmator program. 

_ The Sot signals occur at the following pulse times of each word: sector 
address codes occur at Pig through Po time (sB) and are repeated at P, 
through P 


time (sq); a 'l'' occurs at every P,, time for synchroniza- 


tion of ie calie time indicator; the aaeibcanlans selection register control 
codes occur at P54 through Pro time; and sigmator program information 
occurs at P, and Py time. For detailed explanation on locating the sector 
address of a word, refer to paragraphs 4-30 and 4-33; for pulse time indi- 
cator synchronization, refer to paragraph 4-27; for input-output selec- 
tion register control, refer to paragraph 4-31; and for sigmator program 


control, refer to paragraph 4-69. 
4-15. Main Memory 


Main memory comprises 40 tracks on the memory drum — 37 permanent 
storage tracks and 3 temporary storage tracks. Associated with main 
memory is the track selecting matrix and the time-shared, main memory 
read flip-flop, M . The permanent storage tracks are described in para- 
graph 4-16, the temporary storage tracks are described in paragraph 4-17, 


and the head selecting matrix is described in paragraph 4-18. 
4-16. Permanent Storage Tracks. The permanent storage tracks com- 


prise 37 of the 40 main memory tracks (see figure 4-2). These 37 tracks 


store the program which consists of both instruction and operand words. 
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Each track has one associated read head numbered 0 through 27, 31, Oo, 

oe ae 16, 17, 18, and 19. The outputs of all 37 read heads are routed 
to the head switching matrix which, under control signals from the track 
selection register, selects the track of a desired word, then passes the 
word to the commonly shared main memory read flip-flop, Mag The 
output of M, may be routed to the instruction register, the order register, 
the multiplicand-divisor register, and to the serial adder via flip-flop D, ; 
These registers accept the Oy information under specified control condi- 
tions. Normally, instruction words are routed to the instruction register. 


Operand words are routed to the multiplicand-divisor register and the 


serial adder. 


4-17. Temporary Storage Tracks. The temporary storage tracks com- 
prise 3 of the 40 main memory tracks (see figure 4-2). These three tracks 
store data temporarily while it is still required in the computation. Nor- 
mally, the data consists of intermediate solutions such as a sum ora 
product which is needed for larger scale problem solutions defined by the 
program, or to temporarily store input-output data. The three tracks have 
one read head each, numbered 28, 29, and 30 which are wired to the head 
switching matrix. Upon selection of a read head the respective signal 
passes to the Moy read flip-flop. Each track also has a write head and as- 
sociated write amplifier. The write amplifiers, mo» Mo and m,? 
receive information from the accumulator register under specified control 
conditions. The spacing of the write heads with relation to the read heads 
is such that a word written on m x is available atM_ four word-times 
later, a word written on co is available at M 32 word times later, and 


a word written on mo. is available at Moe 60 word times later. 


Track M ... contains a second read head and associated read flip-flop. The 
output of the read flip-flop may be routed to the mM... write amplifier to per- 
mit recirculation of the information, if required. The output of the Moy 
read flip-flop is also routed to the error determining circuits where it is 
used for output operations, refer to paragraph 4-43. Separation between 
the read and write heads is equivalent to eight word times. This recir- 
culation line, or loop, permits more rapid access to desired words con- 


tained on the M track. 
Ox 
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4-18. Head Selecting Matrix. The head selecting matrix is used to 
select any one of the 40 main memory tracks for read-out via read flip- 
flop oe The head selecting matrix comprises 40 gating circuits, one 
for each main memory track. See figures B-16 and B-17. Each AND 
gate of the matrix has a unique gating code derived from various con- 
figurations of the track selection register flip-flops (S); Sos S3; Sy) S;) 
and the externally located relay S56: Refer to paragraph 4-30 for particu- 
lars on the track selection register. 

ie 
When a specific code is generated by the track selection register and the 
Se relay, it is decoded by its associated gate in the matrix to electrically 
connect the desired main memory read head via a preamplification stage 
to read flip-flop eo It may be noted that there is always an ene output 
Lite ay ae is always copying the contents of some main memory track. 
However, the computer circuits only accept ay information at specific 


control times. 
4.19 Instruction Register 


The instruction register is a 25-bit recirculating register on the drum 
used for storing instruction words, see figure 4-2. The instruction 
register contains one write head and associated write amplifier lo and 
one read head and associated read flip-flop I The write and read heads 
are spaced to provide a 25 bit delay to make the instruction word in the 


register available every word time. 
An instruction word is routed into the instruction register from main 
memory via the es read flip-flop during the instruction read~-in phase. 


At this time recirculation of the register is blocked. During all other 


phases, except last word phase, the instruction recirculates. 
4.20 Accumulator Register 


The accumulator register is a 24-bit recirculating register used for storing 


operand words during computation, see figure 4-2. The accumulator 
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register contains one write head and one read head and their respective 
write amplifier a and read flip-flop Ao. Between the read flip-flop AY 
and write amplifier ao is a serial adder which, in addition to other control 
logic, controls information flow into the accumulator register. The serial 


adder is discussed in paragraph 4-40. 


The accumulator register normally receives operand words from main 
memory read flip-flop ey via the serial adder. While the ey operand 
is passing through the adder to the register, the operand stored in the 
register may be added or subtracted from it thus entering the sum or 
difference into the accumulator register. Other types of arithmetic oper- 
ation may also be performed. At the time that the M,. operand is passing 
through the adder, recirculation of the accumulator may also be blocked 
to permit the accumulator register to simply copy eg The contents 

of the accumulator may only be altered during first word phase FW, 
additional words phase AW, or last word phase LW phase; during all 


other phases the contents of the accumulator is permitted to recirculate. 


The operand word in the accumulator register may be routed to any of the 


three working storage registers M_, M._, or Mo or to % long line 


eed 
Yo? in addition to being recirculated in the accumulator. 


4-21, Multiplicand-Divisor Register 


The multiplicand-divisor register is a 24-bit recirculating register used 
for storing the multiplicand during a multiplication order or the divisor 

during a divide order, see figure 4-2. The multiplicand-divisor register 
contains one write and one read head and their resepctive write amplifier 


d. and read flip-flop D.: 
For detailed descriptions of how the multiplicand-divisor register is used 
refer to multiplication order, paragraph 4-67; divide order, paragraph 


4-68; and extract order, paragraph 4-63. 


4-22. Multiplier-Quotient Register 


The multiplier-quotient register is a 24-bit recirculating register used 
for storing the multiplier during a multiplication order or the quotient 
during a division order, see figure 4-2. The multiplier-quotient 
register contains one write and one read head and their respective write 


amplifier r, and read flip-flop R 


0 0° 
For detailed descriptions of how the multiplier-~-quotient register is used 


refer to multiply order, paragraph 4-67; and divide order, paragraph 4-68. 
4-23, Sigmator Long Line 


The sigmator long line is used as an integrand register in the sigmator 
section of the computer. The sigmator long line contains one write head 
and associated write amplifier Yo? and two read heads and their as- 
sociated read flip-flops Yo] and Yo2° Head spacing provides an 8-word 
delay between input Yo and output Yor. and a 32-word delay between input 
Yo and output Y 02. 


Information may be received by input Yo from the accumulator register Ay 
during FW of a normal store order (0, 0, F S. S, S, S, S)) or from the 
output of the sigmator two-input adder. Outputs Yo] OF v2 may be trans- 
ferred to the accumulator register during modified store orders 0, 0, 0, 

| Ss Sis OSes 3 | tput 3 
S.5 4 Ss, S, Sy and 0, 0, uF Se S453 S5 Sy respectively. Outpu Yo is 


also sent to the error determining circuits during output operations, refer 


to paragraph 4-43. 
4-24. Sigmator Short Line 


The sigmator short line is used as an increment accumulation register in 
the sigmator section of the computer. The sigmator short line contains 
one write head and associated write amplifier Xs and five read heads to 
provide increased availability of information. One read head is associated 
with read flip-flop Xo) and provide a word delay between Xo and ee The 
other four read heads (Al, A2, A3, and AT) time share read flip-flop Xoo 


Head selection is accomplished by a head selecting matrix which is program 
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controlled via flip-flops Ww, and W 5 of the input-output selection register, 
refer to paragraph 4-31. Head spacing provides the following delays with 
1: head Al - 6 words, head A2 - 12 words plus 19 bits, head 


A3 - 16 words plus 13 bits, head AT - 29 words plus 5 bits. 


respect to x. 


Incremental information is received by input x, from the output of the 


0 


Sigmator one-increment adder-subtractor. Output x is used as an input 


] 
O2 


via the sigmator two-input adder to the sigmator long line. 


to the one-increment adder-subtracter, and output X,, is used as an input 


4-25, CONTROL 


The major over-all control governing computer operation is the stored 
program onthe memory drum. Important subsidiary controls which enable 
the computer to follow the program include (1) the pulse time indicator, 

(2) the phase sequencing control, (3) the order register, (4) the track 


selection register, and (5) the input-output selection register. 


The pulse time indicator enables designation of each pulse time of a com- 
puter word to afford precise timing of all operations. The phase sequenc- 
ing control provides over-all sequential control of operations. During a 
particular phase, for example, only certain types of computer operation 
are permitted. When these operations are completed, another phase is 
entered thereby allowing other types of operation to be performed. The 
various phases normally follow one another ina limited number of fixed 
sequential patterns. The order, track selection, and input-output selec- 
tion registers receive coded program information from the drum during 
specified control phases. The registers store the codes until phase control 


permits the codes to be sampled and acted upon. 


The order register stores the order part of an instruction word, the track 
selection register normally stores the code of a desired track in main | 
memory, and the input-output selection register normally stores the code 


of a desired converter in the input-output equipment. 


The following paragraphs provide detailed descriptions of these controls 
which are essential to the general purpose section of the computer. Con- 
trols peculiar to the sigmator section are separately discussed in para- 


graph 4-69. 
4-26. Pulse Time Indicator 


The pulse time indicator consists of five flip-flops and their interconnecting 


; through T,, are used to define each bit ofa 


"computer word". The configuration of the pulse time indicator changes 


logic. These flip-flops, T 


at each clock time. One computer word is composed of 25 bits which are 
| termed P54 through Po: The Po4 bit occurs first, the Po bit last. Each 
of the pulse time indicator flip-flops has a distinct output. The output 
waveforms of these flip-flops and logical derivations of these outputs with 
respect to their pulse times are illustrated in figure 4-3. The pulse 
time indicator normally recycles every word time. The pulse time indi- 


cator logical diagram, figure 4-4 illustrates the logic for the pulse time 


indicator together with its logical equations. 


4-27. Initial Synchronization. Synchronization of the pulse time indi- 
cator is accomplished in less than two drum revolutions at computer start. 
This initial synchronization is accomplished by a ''1" that is contained in 
all 64 words on the sector address track (Soy) at pulse time 15 only. When 
the T flip-flops come on, they may or may not be defining the correct 
time. Thatis, the pulse time defined by the indicator may not be the 
same as the true pulse time at any read flip-flop. Whether or not the 
indicator is defining the correct pulse time, it will count down in a normal 
sequence until the Pos pulse is defined. At this time the indicator will 


sample So The condition of S ot determines whether the indicator con- 


t 
tinues in a normal manner, or precesses to the P56 state. This operation 


is described in the following paragraphs. 


At P|. time the pulse time indicator flip-flops assume the following 


states. 
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Figure 4-3. Basic Timing Diagram 


4-15 


Figure 4-4, Pulse Time Indicator, Logic Diagram 
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Pos 0 ] ] 0 0 


In order to define Pop the indicator flip-flops must assume the following 


new states. 


Pi4 ] 0 1 0 1 


The qT, and qT, flip-flops do not require a change of state. However, the 


state of T., Ty and T, must change. 


To change the state of Ty the following logic is required: ty = T, as T, 


7 Po. This equation is satisfied at Pos time by the qT); qT, and qT, flip- 


flops. tT, and qT, are low, and Tq. is high; i: e..,; rT, T, ae Therefore, 


Ty changes state. 


To turn on T,, the following logic is required: 


io 


f= TstT. T5417, 7,7, +7, T, 


The state of the pulse time indicator flip-flops at Pos allow only the T. Ty 
5 ot portion of the OR gate to satisfy the equation. The tT, flip-flop is now 
Vs 


dependent on the condition of the sector address track (Sot 


To turn on T,, the following logic is required: S\, T, Ty cee The con- 
dition of the pulse time indicator flip-flops indicator time Po. is such that 


the q, Ty a portion of the OR circuit is satisfied. However, the qT. flip- 


flop is dependent on the condition of Sot! 


The condition of 36 will now dictate the pulse time defined by the indicator. 


: 
Where a 1 appears in all 64 words of S ot at indicator time Pia: the T, and 
T,. flip-flops will turn on and the indicator condition will be as follows: 


~ 


The pulse time indicator is then defining Ply and the normal count will 


continue. 


However, where a 0 appears in any word of the Sot track at indicator time 


Pig: the T, and T, flip-flops will remain off and the condition of the pulse 


time indicator will be as follows: 


This condition defines the P,, pulse time. The indicator will now count 


20 


down from P_, through P__, where the condition of 5 ot will again decide 


20 15 
whether the pulse time indicator will continue the count in a normal manner 
or reset to P50 and attempt to sync once more. 

The possibility of a ''false sync'' exists due to the fact that the data on the 


S_, track, except for P,. time, is random with respect to the sync opera- 


ot 15 
tion. This ''false sync'! condition is compensated for by the fact that every 
time Pos is defined by the indicator, a 1 on the sector address track is 
required to continue the count. The true Pos time is the only time that 


Sot will contain a 1 in all 64 words of the track every time it is defined. 


7 a oe Sigmator Program Delay. Another function of the pulse time indi- 


cator is to delay part of the sigmator program from So into the sigmator 


t 
control flip-flops. This is defined by the following logic: 


*e : ee Tt; oa qT; 


t4= 55, 65 Ty Ts: 


This function is described in paragraph 4-69. 
4-29. Order Register 


The order register is comprised of three flip-flops, 0.» 0, and 0.2, which 
allow for eight basic orders. Thirty-two additional operations are pro- 


vided by time sharing the output of the track selection register flip-flops, 
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S, through S., with a store order (Sr) to define unique kinds of store 


] 5 
orders. This provides a total of 39 operations, of which, 38 are used to 
provide 13 different commands. Store order codes are listed in section 5 


of this manual. Listed below are the eight basic commands. 


05 0, 0, ORDERS 
At 0 0 0 Clear and Add 
Ex 0 0 ] Extract 
Mu 0 ] 0 Multiply 
Bike 0 ] ] Conditional Transfer 
Ad 4] 0 0 Add 
Dv ] 0 ] Divide 
Su ] I 0 Subtract 
Sr 1 ] ] Store (Normal) 


The order is read from the instruction in the main memory during the IR 
phase and is stored in the order flip-flops until the next order is read in 
except for certain modified store orders. The order is read in to 0, and 
shifted through to 0, and 0» so that the bit at P, P the bit at 
P, ends up in 0,: and the bit at Po remains in 0.. Figure 4-5 shows the 
wave forms of the order register flip-flops as the order is shifted through 


ends up in 0 


to its final configuration. The order from the main memory eye is Tread 
in to the order register during the IR phase (K, K, as The arrows indi- 
cate where each bit is stored. The order illustrated by the figure is the 


divide order. 


Figure 4-5 illustrates the logic network for the order register. Logic for 


the order register flip-flops is listed below. 


o, = (K 


4-19 


xi x~_x x 
Lae) bene 
xi KK x 
N ~_— 


xi xX xX 


Figure 4-5. Order Register, Logic and Timing Diagram 
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The logic for the order register flip-flops is contained in the computer 
with the exception of L, E., and R.. The Fill Test Unit supplies L and 
E,, with L being the ''fill test instruction fill control'’ which is normally 


3 


low, and E. being the output of the ''time-shared data hold and error 


3 
detecting flip-flop''. The external control provides R. which is the 


"computer stop sequence control.'' This signalis also normally low. 
When R3 is high, it sets the order register to 0, 0, (Add or Clear and 
Add). The equation 0, 0, Ky K, Sp Po resets 0, at Po of FW during 


transition to AW and when Se is high; this changes the order from store 


to Conditional Transfer. 
4-30. Track Selection Register 


The primary purpose of the track selection register is to store main 
memory track address codes for selecting tracks in main memory. The 
stored codes are sampled in the head selecting matrix, and the desired | 
track information is routed from the selected head via the time-shared 
Ber read flip-flop. During store orders the track selection register 
stores codes which designate specific store orders. Particular flip-flops 
of the track selection register are time shared in multiply and divide 
orders (see parts b and c of figure 4-6). During AW, flip-flop Se is used 
for coincidence detection (see part dof figure 4-6). The track selection 
register comprises five flip-flops (S,> oa ere Sy and S 5) and associated 


Z 3 
logic. 


Track and store order codes are shifted into and stored in the track selec- 
tion register from the instruction register Ty during Wa , WB, and LW 
phases as shown in part a of figure 4-6. The outputs of the track selection 
register are wired to the head selecting matrix, but are only effectual 


during IR, FW, and LW phases; that is, during read-in times. 
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Figure 4-6. Track Selection Register, Logic and Timing Diagram 


The coding of the main memory track addresses employs the natural 
binary number system with flip-flop S,; representing the least significant 
bit. For example, the code for head 24 is S, S, S3 S455. Heads 4 
through 15 and 20 through 31 are fully coded by the track selection 
register independent of relay S;. Heads 0, 1, 2, 3, 16, 17, 18, and 

19 are coded by the natural binary number system of the track selection 
register plus the condition that S¢ is high. Heads 0, l, 2, 3, 16, A, 
18, and 19 are also coded by the natural binary number system of the 


track selection register but with S¢ high. 


Track selection register information is interpreted as store order 
qualifier codes when the order register contains the store order code 
(0); 07 03) during the FW phase or the Tc order code (0, 05 03) during 
the AW phase. These codes which are without binary significance, 


are listed in section 5 of this manual. 


For detailed explanation on the use of flip-flops Sj, S54, 53, and 54 
during multiplication and division orders, refer to paragraphs 4-67 
and 4-68, respectively. For details on the use of flip-flop Sz for co- 
incidence detection during AW, refer to paragraphs 4-66, 4-67, and 
4-68. 


4-31, Input-Output Selection Register 


The input-output selection register is used to store program codes for 
one word time periods. These codes are used (1) to select analog-to- 
digital converters in external control for input and output functions, (2) 


to select output information from ME a5 OF Yo?» or 01 time word, (3) to 


x 
select sigmator short line readheads Al, A2, A3, or AT via the sigmator 
head selecting matrix and read flip-flop X,9, and (4) to control recircu- 
lation of M..- 
The input-output selection register comprises five flip-flops (W), Wo, 
W3, Wy, and W,) and their associated logic. As shown in figure 4-7, 


the input output selection register is filled during Pj, through Po of 
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Figure 4-7. Input-Output Selection Register, 
Logic and Timing Diagram 
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ANALOG-TO-DIGITAL 
CONVERTER 
SELECTION 
CONTROL GATES 


each word time by the programmed codes on the sector selection 


register S Flip-flop W, is time shared with the sigmator | logic 


ot’ 
term F3K,K,K,W W> (P,, + P22))for the purpose of allowing or 
deleting integrations. 


The input-output selection register codes are provided in table 4-1. 


Table 4-1 
Input-Output Selection Register Codes 


a er ee 


< 
O 


ve (recirculates) 


< 


(recirculates) 
Ox 


<< 


(recirculates) 
Ox 


< 


ee (recirculates) 


< 


ae (recirculates) 


pe ete Cate s) 


M, 
M,x 


leeciaeuitse) | 


ae (recirculates) 


x (recirculates) 


O 


- (recirculates) 


0 


(recirculates) 


O 
” 


(recirculates) 


eo) 
ve 


(recirculates) 


0 
% 


. (recirculates) 


Bae garg ee 


fe) 
* 


(recirculates) 
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Table 4-1 (continued) 
Pee Vee Selection Register Codes 


(non Ve rr ere } 


= 
” 


1 recirculate) 


O 
me 


M__(non recirculate) 


ox! 


M,,.(non recirculate) 


M,,.(non recirculate) 


M,,,(non recir culate) 


M_ (non recirculate) 
Ox | 


M,,.(non recirculate) 


M 
M 
M 
M 
M 
M 


M,,,(recirculates) 


KOK 


M,,,(recirculates) 


| M,,,(recirculates) 

M x(recirculates) : 
recirculates) 

M,,(recirculates) 


M,,.(recirculates) 


M .,(recir culates) 


4-32, Phase Sequencing 


The phase sequencing control provides overall sequential control of 
operations. The various phases normally follow one another ina limited 
number of fixed sequential patterns as shown in figure 4-8. Each phase 


is individually discussed in paragraphs 4-33 through 4-39. 
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NORMAL 


R, RELAY STOP CONTROL 


Figure 4-8. Phase Sequencing Diagram 
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4-33, Wait Alpha Phase (Wa) K,)K,K3. During wait alpha phase, a 
search is made for the next instruction to be performed. The search 
consists of a comparison of the sector address portion (Sa) of the 
present instruction in the instruction register In with the sector address 


track S36 . When I, equals 3, control signals are generated which 


t 0 t 
pass the computer into phase 2. 


The computer enters wait alpha phase when the K flip-flops are in the 
following states: Ky = 0, K> = 1, and K3 = 0 or, in logical terms, 

W = KK K3. Wait alpha is entered from either phase wait beta, first 
word, or stop. When phase wait alpha ends, after an indefinite num- 


ber of word times, the computer unconditionally enters the instruction 


read-in phase IR. 


Detailed description of wait alpha phase is as follows: The K,, flip-flop 
is set at P,, of each word time by K,K T.T, as shown in figure 4-9. 
During pulse times Pg through P3 of each word time I)/S., sector 
address comparison is made. If any of the bits of Ip and Sot are not 
identical, a high signal is passed by one of the comparator AND gates 
to emitter follower F,- The high FP’. output resets K. thereb preventing 
K, from being set. Thus the computer is forced to remain in phase 1 
for another word time. This type of event is shown in the first word 
time illustrated in figure 4-9. 


During the word time that Ip equals So in the Pg through P, interval 


t 
the comparator AND gates remain low. Thus F; remains low and K. 
cannot reset. At Po time, therefore, K,. is high to set K, at Pp thus 
terminating wait alpha phase. This type event is shown in the second 


word time illustrated in figure 4-9. 


4-34, Instruction Read-In Phase (IR) K1K>K3. The instruction read- 
in phase is always one word time long and is the same for all orders. 
During the IR phase, a selected instruction word from main memory is 
read into the instruction register Iy and concurrently shifted into the 


order register via the M,, read flip-flop. See figure 4-10. The track 


y 
address of the instruction word is defined by the track address register 


which received the track address code during the previous phase. 
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Figure 4-9, Wait Alpha, Logic and Timing Diagram 
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Figure 4-10. Instruction Read-In, Logic Diagram 
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The IR phase may be entered from the Wa, the Wf, or the LW phase. 
The IR phase is normally entered from Wa following sector coincidence; 
from W8 during a conditional transfer order when the sign of the ac- 
cumulator is positive (refer to paragraph 4-64); and from LW 

at the completion of multiply, divide, and modified store orders (refer 
to paragraphs 4-67, 4-68, and 4-66, respectively). When the IR phase 
is completed, the computer normally proceeds to the WB phase. An 
exception to this occurs when Ry is held low causing the Kj, flip-flop to 


remain high. This sends the computer into the stop phase (SP). 


The logic for the transition for IR to W6 is: ky = PK K,IR 4, and 
k3 = PoK Kp. The signals J and Ry, are high during the run mode. 


4-35, Wait Beta Phase (W868) K,K,K3. During the wait beta phase, a 
search is made for the operand by comparing the B . portion of the in- 


struction with the number in the sector address track (S When the 


yi 
numbers are the same (coincidence), the operand is eer in the next 
word of the track specified by the B track number (ft). After the WB 
phase, the K, flip-flop is reset and the first word phase (FW) is entered. 
The K, flip-flop is reset by the following logic: k5 an PoK K, (0, + 0, 
+ 03) K,. At coincidence (K_ Po) goes from W®6 to FW for all orders 


except conditional transfer (Tc). 


When the conditional transfer takes place, the WB state goes to wait 
alpha (Wa) at P54 of the first WB word, if the contents of the accumulator 
are negative. That is, whena conditional transfer order exists and 
the sign of the accumulator contents is negative, the K3 flip-flop is 


reset and WB goes to Wd at P The K3 flip-flop is reset by the fol- 


lowing logic: k3 = A Py 4K 10,0903. When Aj is positive, the 6 address 
specifies the address of the next instruction instead of an operand. That 
is, when a Tc order exists and Ag is positive, Ky, 1s set and Kz is reset, 
At coincidence (K.Po) WB goes to IR. The K, flip-flop is set by the fol- 
lowing logic: k, = PoK, (0, 0503) Kg, while the K, flip-flop is reset as 
follows: k3z = PoJK,K5K.. 
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Another exception to the rule exists when the operation is a store order 
(Sr). During this condition the B® address either specifies where the 
contents of the accumulator are to be stored in the main memory, or 
one of the several modified store commands. In either case the WB 
phase goes on to FW at Po: 


4-36, First Word Phase (FW) KK (K, or K,). 


is one word time in duration. In this phase, the operation specified by 


the order code is begun. All clear and add (At), add (Ad), subtract (Su), 


The first word phase 


extract (Ex), and normal store operations are completed in this phase. 
After completion of any of the operations listed above, the K, flip-flop 
is set by the following logic: k, =K,P)J 0,0, + 0,055, (S, +S.) 


+ 0,0, . This sends FW to Wa at Po. 


multiply (Mu), divide (Dv), or one of the modified store commands, Ky 


When the order specified is 


and K, are set thereby sending the FW phase to additional words (AW). 
The K, flip-flop is set by the following logic: k, = PK 0,0, + 0,0 


(S, + S453) ie ae pa K, is set as follows: k, = PKK, 0,0, 
(S,+S,S,+0,) + K,K,0,0, (A, +P»). 


4-37. Additional Words Phase (AW) K)K,K,. In the additional words _ 


phase, multiplication and special operations of the modified store order 
are completed. All but the last step of the division problem is com- 

0) K, is reset 
and the computer goes from AW to LW. The K, flip-flop is reset by 


the following logic: k = P JK) K,5,. 


pleted in this phase also. When coincidence occurs (S.P 


The last word (LW) phase is bypassed when the stop command is given 
in the form of a modified store order. That is 0, is reset by Se at Po 
of FW during transition to AW, and the logical equation (k, = PK, 9, 


0,5,5,5,5S)) sets the K 
phase (SP). 


3 flip-flop sending the computer into the stop 


4-38, Last Word Phase (LW) K,K,K,. In this phase division is 


completed and the quotient is transferred between registers. The LW 


phase lasts for one word time. The K, flip-flop is set at P, of LW by 


2 0 


the following logic: k, = PKK. This action returns the computer to 


the IR phase. The LW phase is entered from the AW phase. 
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4-39, Stop Phase (SP) K)K,K,. In this phase only the sigmator con- 
tinues to compute and if the control switch is in the off position, elec- 
trical power is removed from the computer. 

The stop phase is entered into from the AW phase (paragraph 4-39) or 
the IR phase (paragraphs 4-57 and 4-58. After the stop phase two types 
of starts may be used. The normal start sequence where the computer 
enters the WB phase by resetting the K, flip-flop, or the fill test start 
in which K; and K3 are reset. For the normal start sequence Kj, is 
reset by the following logic: ky =So¢PjgR)- A control sequence relay 
provides R,; and5,;Pj)g is a normal program start. For the fill test 
start, K, is réset by the following logic: ky = JPoKoRyF; K3 1s reset 
by the following logic: k3 = P)JK,K2MdF. Signal F is a fill-test start 
signal, Ry is provided by a control sequence relay, and Md is the 


signal designating Wa time from the fill-test unit. 
4-40, Serial Adder 


The serial adder and its carry control flip-flop performs three basic 


operations. These operations are: 


Add Aj + Di = aq 
Normal Subtract Aj ~ Dj = aq 
Abnormal Subtract D, ~ Aj = aq 


Normal subtraction is used in the multiplication and division orders 
and is accomplished during the AW phase. Abnormal subtraction is 
used for subtraction during the FW phase. The state of the carry con- 
trol flip-flop (K,) determines whether C, is to operate with carry logic 
(addition) or borrow logic (subtraction). When the carry control flip- 
flop is low (K,), C, operates with carry logic, and an add operation 
takes place. When Kis high, Ca operates with borrow logic anda 
subtraction operation takes place. The carry control flip-flop is set 


to its proper state at Pp of the Wf phase prior to FW. 


The operation of the serial adder is determined by the applied logic. 
Figure 4-11 illustrates the logic circuitry for the serial adder. The 
logic for the add operation is divided into three steps. These steps 


are. 


Gee i ea 
2. f, = C,Al+C,A) Fy, 
3. ay = Ey (F,D) + F,D)) 


In step 1 the carry flip-flop (C,) output is determined. The carry con- 
trol flip-flop (K,) is low for the add operation by the following logic: 

Ke 
_ by the Ag read flip-flop and the Moy read flip-flop respectively. The 


= K 1K j0>Po. The states of the A, and Dj, flip-flops are determined 


A, flip-flop copies Ag during FW while the Dj flip-flop copies Moy: 
In step 2 the output of the A, flip-flop and the carry flip-flop are used 
to control the F, and ca emitter followers. When the outputs of Aj 
and C, are not of the same state, the F, output is high. When the 
outputs of Aj and C, are both high or both low, the output of the F, 
emitter follower is high. Whenever the Cc. output is employed with 
the Aj or Ay output to control the F, or es emitter followers, the F, 
output of the normal serial adder qualifier emitter follower is added 


to the input logic. 


In step 3 the signal Ey is normally high. The outputs F, or ce and 
Dj, or Dd) provide input logic for the Ag write amplifier. When D, and 
F, are unlike, ag is high. When D, and F., are alike, ag is produced. 


The contents of the accumulator (Ap) and the number contained in the 


main memory (M....) are added together during FW and stored in the 


oF 
Ag register. Addition is performed as follows: 
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Figure 4-ll. Serial Adder, Loyic Diagram 
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P23 
LSD 


6,010 011 114 
A,10111010 
D,} 10010111 


Fs. A deed, SO ed 


ap ODL 100010 


The normal subtraction (A, -D, = ag) which is used in the multiplication 
and division orders require much the same logic as the addition opera- 
tion. Steps 2 and 3 of the add logic are used in both of the subtraction 
operations of the serial adder. However, the first step is changed 
somewhat in that c, = K.A,D)P24 (Kj + 04), and c. 7 K A,D, (K}+0)) 


+ P54. Normal subtraction is performed in the following manner: 


P23 
LSD 
c,00010000 
A,;11011101 
D)01101001 
f. 1a 0 4, 11 


ag 10100100 


The abnormal subtraction (Dj - Aj = a) employs the same logic for 
steps 2 and 3 as does the add and normal subtract operations of the 

serial adder. In the first step of this operation the logic is: c 
K)KjK.A1D)9)P5,, and c..= KK, 


traction is performed in the following manner: 


,* 
K.0);A,D, + P24. Abnormal sub- 


P23 
LSD 


C,000111000 
D, 10010111 
A, 10111010 
f£,10100110 


a9 00110001 
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In both normal and abnormal subtraction when the minuend is zero and 
the subtrahend is one, the carry is set high. Where the minuend is 
one and the subtrahend is zero, the carry is reset. Where both num- 


bers are alike, the carry remains in its previous state. 
4-41, INPUT-OUTPUT OPERATIONS 


Converter scan flip-flop M, receives brush signals from externally 
located analog-to-digital converters as selected by input-output selec- 
tion register codes. Refer to paragraph 4-31. Whena particular 
converter is selected, a +35V DC signal is passed to the converter to 
sample its binary-coded discs through the agency of associated brushes. 
Brushes which are in contact with conductive segments of the code 

discs pass the 35 volt signal to the scan matrix to produce a parallel 
binary representation of the shaft value of the converter. The serial 
scan matrix samples this parallel binary representation which is then 


copied by flip-flop M,,. 


During input operations the output of My is transferred to the accumu- 
lator register via flip-flop A). During output operations, the output 

| of Ma is sent to the error determining circuits which compare M, with 
either the general purpose output M,, or the sigmator output Y.>. 
Difference or error signals are generated by the error determining 
circuits and are used to drive the converter shaft in a direction to 
reduce the error; that is, to make the converter value approach the 
value of Mo, or Y,2. The error signals control converter shaft 
positions by means of a servo amplifier, servomotor, and gear train 


associated with the converter. 

4-42, Scan Matrix 

In the scanning process, flip-flop M, is initially reset at Po time, as 
shown in part a of figure 4-12. It remains reset until the occurrence 


of 1, the first high starred brush signal (the first one possible occurs 


at P)¢ time if B*)5, the least significant bit, is high). When M, is 
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Figure 4-12. Input and Output Operations, Logic Diagram 


set, the next high unstarred brush signal (0) will reset M,. The scan- 
ning process continues in this manner until the sign digit is sampled at 
P,time. The one-bit delay of the M,, flip-flop brings the converter 
number into correspondence timewise with other computer data; that is, 


the sign bit occurs at Pp time. 
4-43, Error Determining Circuits 


During output operations the shaft value of a converter as represented by 
My is compared with the desired output value of either Moy or Yo2. When 
M, #M,, 


dicate the error and its direction (either positive or negative) which are 


or Yo2, error determining output signals ma F and Fy in- 


used to drive the converter shaft in the direction which are used to drive 
the converter shaft in the direction which reduces the error. When M, = 
Mox Or Yo2, the equality, or no-error condition, is indicated by Bey Fp, 


and ee and the position of the converter shaft is not altered. 


Flip-flops C, and C, (see part b of figure 4-12) are initially reset by the 
| P54 pulse and remain reset until the comparison of M, with M,, or Y,2 
begins at Pj}5 or later. Throughout the remaining discussion Yo? will 
be used as an example; however whatever is said of Y,> applies equally 
to M,,. Flip-flop C; is used to store a difference in numerical value 
of M, and Y,2. During any bit time should a difference exist, emitter 
follower F,, will go high and set C,.. Flip-flop C, would then remain set 
for the remainder of the wordtime. If there is no numerical difference 
between M,, and aes F., will not go high and GC, will be in its reset con- 
dition at Py time.when it is sampled by the error emitter follower Es 
The F\, signal bypasses C, to skirt the one-bit delay of the flip-flop, so 
that the signs of M, and Y,2 may also be sampled at Po time. If any 
difference (either numerical or sign) exists between M, and Yg2, F, will 
go high at Po time to indicate an error. If no difference exists, es will 


be low at Po time to indicate no-error. 


While M, and Y,2 are being compared to detect a difference by Fy, Ge, 


and be logic, the C,, logic is comparing the magnitudes of the two 
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numerical values. Flip-flop C, is set whenever My > Yo2, and reset 
whenever M, < Yo2. Therefore, at Pg time the output of C, will be 

set if the numerical value of My, > Y,?, or reset if the numerical value 
of My, < Yo2- The outputs of C, are compared at Pp time with F,, 
(unlike signs) and bom (like signs) to control output emitter followers 

3 and ee 

If C, is high at Po indicating that M, > Yo2 numerically, and iP is also 


high indicating like signs, then Cy F,, makes F, high at Pg to indicate 


a negative error which is used to reduce the sad value of the converter. 
If Fy is high (unlike signs), then Cy, Fy makes Fy, high at Po to indicate 
a positive error which is used to increase the shaft value of the con- 

verter. Similar type logic, as shown in part b of figure 4-12, accounts 


for the cases in which C,, is high. 


In the event that My = Yo2, Fy will remain low throughout the word 

time, while F,, will be high. Flip-flops C, and C,, will remain reset. 
Fo will be low at Pg time to indicate no-error, since both F,, and C. 
are low; Cc. and Pes both high will make F,, high to indicate a positive 


error; but high C, will make F., high to indicate a positive error. The 


| P 
negative and positive error indications cancel each other. 


Truth table 4-2 indicates all possible configurations of the error de- 


termining circuits at Po time. 
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Table 4-2 


Turn Disc Turn Disc 
C.C. WwW. C.W. 


As viewed As viewed 


from Brush_ from Brush 


Block end of Block end of 


Converter Converter 
4-44, STARTING SEQUENCE 


The computer is turned on and off through the agency of associated input- 

output equipment which is generally referred to in this manual as external | 
control. When the computer is turned on (or off), power is sequentially 

applied (or removed) and definite patterns of logic control imposed. 

During normal computer operation the computer may be internally con- 

trolled by means of its program to cease computations and enter an 

idling phase. The idling phase may also be automatically terminated 

and computations resumed at predetermined time intervals. External 
and internal control methods are individually described in the following 


paragraphs. 


4-45, External Control 


Primary control of the starting sequence is effected by an OFF/ 
STANDBY/RUN switch associated with external control. When this 
switch is set from OFF to STANDBY, power is sequentially applied to 
the computer, as shown in figure 4-13, to energize the drum motor 
(about 40 seconds for full speed) and all circuits except certain write 


amplifiers. 


Signal R3 is set high in external control to set phase flip-flops K), Ko, 
and K3 (stop phase), to reset order register flip-flops 0) and 03 


(Ad or At order), and to enter all ''l's'' into the instruction register Io. 


When the external control switch is set from STANDBY to RUN, signal 
Ry is set high; then R) is set high and R3 reset. The high Ry signal 
ensures that the computer will not go from IR to SP phase by resetting 
Kj with the term K2K3JR4Po. The high R signal gates the solitary 
So; pulse occurring at Pig of word 1 (this is the only P)g pulse on S_,;) 
to reset flip-flop K) (k] = S);R ,T5T4T2T]) which puts the computer in 
the wait beta phase. With the computer out of the stop phase, driver 
No. 4 signal goes low causing the reset of R,. The reset of R3 (R3 high) 
causes application of power (+ 35V DC) to the write amplifiers listed 
in the previous paragraph. Note that the pulse time indicator is syn- 
chronized with drum time previous to the setting of R, (refer to para- 


graph 4-27 for details). 


During the wait beta phase a search is made for the fictitious operand 
(address: track 11111, sector 111111). When sector coincidence occurs, 
the computer enters the first word phase in which the fictitious operand 
is routed into the accumulator under control of the Ad or At order. 

From the first word phase the computer enters the wait alpha phase 

and a search is made for the instruction, the address of which is iden- 
tical to that of the operand noted above. This address must contain the 
first programmed instruction, and must contain an order which will 
clear the accumulator of its meaningless data. Thereafter the computer 


operates normally under program control. 
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Figure 4-13. External Control, Logic and Timing Diagram 


When the external control switch is set from RUN to STANDBY, Ry 
goes low. The low state of Ry causes the computer to go to stop at 
the end of the next instruction read-in phase. The stop phase signal 
(K 1) K2K3) sends a high driver No. 4 signal to external control which 
causes power to be removed in the inverse sequence from which it 


was applied. 
4-46, Internal Control 


Under internal or program control the cormiputer may be instructed 

to enter an idling period, ceasing all normal computation. In the 
idling period all power is removed except for idling power which is 
used to maintain flip-flops V, through Vg, Cy, Cs, T,, and associated 
circuits in operation. When entering the idling phase the above noted 
flip-flops are logically controlled to form a shift register permitting 

a computed or predetermined number from the accumulator to be 
shifted into and stored in these flip-flops. After the number is stored, 
the flip-flops are altered through logical control to form a count-down 
register. The output from a real time generator in external control 

is used as input to the count-down register. Each input pulse reduces 
the binary count of the register by one. When the register reaches its 
next to the last count (000000001), the output configuration is decoded 
to generate a signal to initiate the starting sequence. On the last count 
(000000000) a second signal is decoded which generates another signal. 
This second signal continues the starting sequence to return the com- 


puter to normal operation. 


The duration of the idling period is a function of the real time generator's 
frequency and the number transferred to the count-down register from 
the accumulator. This number may, of course, be either predetermined 
or computed, and may be varied for idling periods of different desired 


durations. 


Two modified store orders and a special code to set an externally lo- 
cated H flip-flop are required to idle the computer and initiate count- 


down. It is assumed in the following description that the desired 


number to be counted down is in the accumulator and that the H flip- 
flop is set. The logic pertinent to the operation is shown in figure 4-14; 
a timing diagram appears in figure 4-15. The following paragraphs 


describe events ina phase by phase sequence. 


4-47, Instruction Read-In (Ip) K) K2 K3. Instruction is read into 
instruction register I, and order (111) is shifted into order register 


0,;020,. At Po time, K3 is set and Kj is reset. 


il 


k3 = K) Kp Po 
k; = K,K3R4J Po 


4-48, Wait Beta (W8) Kj K, K3. Track beta (TB) portion of instruc- 
tion is shifted into track selection register by high F, gating signal. 
The code is Sz. S4 53 52 5)]- When sector coincidence occurs, K,. is 


high at Pp to reset Ko and K3. 


hh, 


5 = Ky K2 K3 Ts (T3 + T2) 
k3 = Ky Kz K. J Po 


4-49, First Word (FW) K) K>. At Po, flip-flop 0] of the order 
register is reset by Ss and Kj and K3 are set. | 


o, = K, BK, 0, 9,5, Po 
Kk, = K, 9) 93.55 Po 
k, = K, K, 0, 0, 5, Po 


4-50. Additional Words (AW) K) Kz K3. The order register contains 
the conditional transfer order 07) 0,03. The AW-Tc code (Kj K> K3 


0) 03) causes emitter follower F, to become high throughout the entire 


& 
phase. The high Fy Signal in conjunction with the high H signal and 
the code S4 S352 5, makes emitter follower F,, high. The high Fin 
signal forms flip-flops V, through V¢, Cy, Gs, and T, into a shift 

register and-gates the contents of the accumulator into this register. 


At Po of the present word sector coincidence occurs, and K3 is reset. 
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Figure 4-14, Internal Idling Control, Logic Diagram 


f =K, K> K2 0, 05 0 

g 1. 2 So es eS 

ae Fy P24 53 S2 5] 

k3 = Kj K2S5 J Po (Flip-flop Ss is reset 
during Pg through P, if 
sector coincidence does 


not occur. ) 


4-51. Last Word (LW) K) K> K3. During Pj, through Pop (Ta) 

the track address of the next instruction is shifted into the track 
selection register. Emitter follower Fo is made high to form the Vj 
through Vg, Cy, Cz, and T, flip-flops into a count-down register. 
These flip-flops remain as a count-down register until the idling period 
is completed. Actual count-down begins with the first real-time pulse 


received. At Po time, K, is set. 


Pp | 


1 
ko = Ky) 


Hi 


Z 
3 * 0 

4-52, Instruction Read-In (IR) K] K> Kz. The next instruction is 
read into the instruction register I. The sector address of the in- 
struction is determined by the timing of the program since there is no 
wait alpha phase. The order, which is another store order, is shifted 


into the order register. Ky is reset and Kz set at Po. 


4-53, Wait Beta (WB) K, K> K3. The modified store order code is 
shifted into the track selection register by the high F, gating signal. 
The code is S5 54535) Sy. When sector coincidence occurs, K, is 
high at Pop to reset K, and K3. 
fs = Ky K2 K3 Ts (T3 + To) 
ky = Ky K3 K, J 0] Po 
k3 = K,KzK,. J Po 


4-54. First Word (FW) Ky K>. At Po flip-flop 0; of the order regis- 
ter is reset by Ss, and Ky and K3 are set. 
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Figure 4-15. Internal Idling Control, Timing Diagram 


0, = K, Kz 0, 03 S5 Po 
kj = Kp 0; 03 S5 Po 
k3 = Kj Kp 0] 03 Ss Po 


4-55, Additional Words (AW) K; K2 K3. The order register contains 
the conditional transfer order 0) 02 03. The AW-Tc code (Kj Kp K3 0) 03) 
causes emitter follower F, to become high for the entire phase. The 


& 
high F,, signal in conjunction with the high H signal and the code Sy $3 


& 
So Sy generates a high driver No. 3 signal to external control to make 
Ry, low. At Po of the present word, sector coincidence is programmed 


to occur, and K3 is reset. 


fy = Ky K2 K3 0] 02 03 
k3 = K}) K,S5 J Pg 


4-56. Last Word (LW) K) K> K3. During P 4 through P29 (Ta) the 
track address of the next instruction is shifted into the track selection 
register by a high F, signal. At Po time Ko is set. 

f, = K] K> K3 Ts T4 (T3 E T2) 


4-57. Instruction Read-In (IR) Kj K2 K3. At Po time K3 is set, but 
the low Ry signal from external control inhibits the resetting of K,}. The 
computer therefore enters the stop phase (K) K?2 K3). | 

k3 = K, K2 Po 

k) = K2 K3 J Ry Po (Ry is low at this time) 


“a 


il 


ky 


4-58. Stop (SP) K] K2 K3-: The stop phase code generates a high 
driver No. 4 signal to external control where R3 is set high to remove 
write amplifier power, then drum and circuit power. Idling power 


remains on. 


4-59. Idling Period and Idle to Run. The idling period continues 
until the count-down register reaches the next to the last count 


(000000001), at which time Fy,g (driver No. 1) is made high, which in 


turn causes the power sequence to start, and sets R3 and Ry in external 
control. The high R3 signal sets flip-flops K; Kz K3 02 03 and causes 
"its to be written in the instruction register as described in the de- 
scription of external control. When the count-down register reaches 
the last count (000000000), F.4 (driver No. 2) is made high which 
causes the reset of the H flip-flop, the reset of R3 which applies write 
amplifier power, and the setting of R} which yields the start signal. 

The occurrence of the Pig pulse on Sot resets Rj and begins normal 


computations as described under external control. 


a 
ee ee ee a, 


4-60. CLEAR AND ADD ORDER (At) 0, 02 03 


The clear and add order routes the selected operand word from main 
memory to the accumulator register while destroying the previous 


contents of the accumulator. 


The clear and add instruction is located during the wait alpha Wa 
phase, K] Ko K3. It is routed from main memory into the instruction 
register with the order being stored in the order register during the 
instruction read-in IR phase, K, K2 K3. During the wait beta WB 
phase, K}, K2 K3, the operand is located in main memory and the K>. 


flip-flop is reset at Po by the high 03 of the order register. 


During the first word FW phase, Ky K> Kp, flip-flops C, and Aj are 
reset at Po4 time, see figure 4-16, and remain reset for the entire 
wordtime. Therefore, the "anded'! expression Aj Ca Fy paaiataine 

a high emitter follower F, output which gates the outputs of flip-flop 
D, to write amplifier ag. Signals Ey; and Fy, are normally high. On 
the AND gates controlling write amplifier ap, therefore, the D] out- 
puts are the only varying signals and have full control of the gates. 
Since D) simply copies the word from Moy, ag, inturn, simply copies 


D,. At the end of one word time the operation is complete, and K?2 is 
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Figure 4-16. Clear and Add Order, Logic and Timing Diagram 


set to put the computer in the wait alpha phase with the new word 


normally recirculating in the accumulator register. 
4-61. ADD ORDER (Ad) 0, 03 03 


In the add order, figure 4-17, a sum is formed of the number contained 
in the accumulator (Ag) and the operand from main memory (Moy). 

The contents of the accumulator is added to the number specified by 
the B address of the instruction, Addition is begun and completed in 
one word time during the FW phase. The final sum is stored in the 


Ag register. 


The logic for the serial adder is the same for both addition and sub- 
traction with the exception of the input logic carry flip-flop (C,). The 


output of the carry control flip-flop, K., determines the operation of 


C: 
Cz. When K, = 0, GC, operates with carry logic and the add operation 
takes place. Conversely, when K, = 1, Cg operates with borrow logic 
and a subtraction operation takes place. The K, flip-flop assumes its 
proper state at P24 of the FW phase. 

In the FW phase Aj and Dj] copy the Ag and Moy registers respectively. 
Due to the one bit delay of the Aj and Dy] flip-flops, the L.S.D. infor- 


mation which appears at Ag and M,, at P24 time will appear in the 


Oy 
adder andthe L.S.D. of the sum will be written on Ao at P23 time. 


The logic for the add order is: 


dj = Ky Kz Moy 02 03 
dy - Ky M oy 

Ca = K, Aj D, P24 
ch A, Dy, + P24 


The signal Fj is an emitter follower amplifier that is high for all orders 


except certain modified store orders, and Gis atest signal that is high 


during normal operation, | 
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Figure 4-17. Add Order, Logic and Timing Diagram | 


The second part of the add logic is centered around the F, and Pe 


emitter followers. The input logic for these emitter followers is: 


The F), signal is an emitter follower output that is high at all times 


except for Su AW and Sr AW. 


The final step in the add order involves writing the sum of the accumu- 
lator contents and the operand from the main memory on the accumulator 
register. This is accomplished by the Ag write amplifier. Input logic 


for the write amplifier is: 


Ex is a test signal which is high during normal operation. 
4-62. SUBTRACT ORDER (Su) 0; 02 03. 


The subtract order (Su) allows the computer to subtract the contents 
of the accumulator (Ao) from the contents of the main memory (Moy). 
This type of subtraction (Moy - Ag) is defined as abnormal subtraction 


(refer to paragraph 4-40) and is accomplished during the FW phase. 


The subtraction logical diagram and waveforms are illustrated in 
figure 4-18. The logic for Su is the same as the logic for the add 
order (Ad) with the exception of the carry logic. For the Su order the 
C, flip-flop operates with borrow logic, The input logic for the C3 
flip-flop is: 

Ca = K] Kp Ke Aj Dj 0] Pog 


am P24 + Kj K? 0] Ke Aj Dj 


it 
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Figure 4-18. Subtract Order, Logic and Timing Diagram 
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4-63. EXTRACT ORDER (Ex) 0; 02 03. 


The extract order is frequently used to modify instructions by changing 
the address portion of the instruction. The Ex order allows the compu- 
ter to take the logical or boolean product of the contents of the accumu- 
lator (Ag) and the contents of the main memory (Moy). This operation 
results in writing a 'l'' in the accumulator wherever there isa ''l"' in 
both Ag and M,,, : 


contained in a given part of the word can be selected by a control word 


and ''0's'' everywhere else. By this method data 


containing all ''l's'' in that part of the word. This number can be either 
in the accumulator or main memory as the numbers are treated 


identically. 


Figure 4-19 is the logical diagram and waveforms of the extract order. 


Logic for the extract order is as follows: 


ee ee? 
dy = Kj Ky Mgy (Ag 0) 03) 
d, = Ki M, + Ay 03 Ky 
Ca =K, A] Dj Poy 


The extract operation centers around the Dj, flip-flop, as the A, flip- 
flop is reset for FW Ex. Whenever Ag and Moy are both ''l's'" during 
FW Ex, the D, flip-flopis set. The Dj, flip-flop is reset when a ''0"' 
occurs in either Ag or Moy: The carry flip-flop operates with add 
logic since K, is low during FW Ex, An example of the extract opera- 


tion is shown below: 
Ay OLORIPOTIOL 11 
: Moy 0000011110000 
D, 0000010110000 


4-64, CONDITIONAL TRANSFER ORDER (Tc) 01 O> 03. 


~» 


The Tc operation selects one of two addresses for the next instruction 


based upon the sign digit of the accumulator. If the sign digit is nega- 
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tive (high), the location of the next instruction is taken from the a 
address of the present instruction. If the sign digit is positive (low), 
the next instruction is taken from the B address of the present instruc- 
tion. The sign digit occurs in A, at P94 time. The contents of the 
accumulator remains unchanged during the Tc order. The Tc order is 


accomplished during the WB phase. 


When the sign digit is negative, K3 is reset at P23 time of the first 
word and the computer goes to the Wa phase. The K3 flip-flop is re- 


set in this instance by the following logic: 


k3 =A, P24 Kj 0] 02 03 


When the sign digit is positive, the computer goes into the IR phase. 
To accomplish this, K] is set and K3 is reset by the following logic at 


the end of one word time: 


k} = Ko Ke Po 0) 0> 02 
kz = K, Kp KL J Po 


1] 


The Tc order code also occurs during AW and LW phases when per- 
forming modified store orders; however, its function is entirely di- 
vorced from the normal conditional transfer order (Tc W§) described 
above. The conditions for Tc occurringinthe AW phase are 15 relay 
set commands of the modified store order wherein the information 
stored in Ss is shifted to the 0, flip-flop of the order register by the 


following logic: 


yO 0s Ky KS Se Po, 


This type of modified store order occurs at Pg of FW where the Ky 
and K3 flip-flops are set by the following logic and the computer goes 
to the AW phase: 


K> Po 0] 03 Ss 
K, K, Po 0; 035, 


< 
k3 


4-65, NORMAL STORE ORDERS (Sr) 0; 02 03 Ss Sy. 


The normal store orders provide capabilities in the program of storing 
information from the accumulator register Ag to one or more of the 

temporary storage tracks M,,, M,,, and M 
Y 


oy OF the sigmator track 


9 Lhe normal store order is a one word operation whichis com- | 
pleted in the FW phase. The store order code (0; 02 03) in conjunction 
with Ss and S4 of the track selection register defines normal store 
orders. Specific configurations of flip-flops S3, Sz, and S, define 
particular storage locations. The codes are programmed and stored 


in the main memory as part of an instruction word. 


The order code is shifted into the order register during the IR phase 
with flip-flops 0), 07, and 03 being set. During the WB phase the TB 
portion (Pj)g through P15) of the instruction register lp is shifted into 
the track selection register. At sector coincidence (K, Po) the com- 
puter enters FW. During FW the information from the accumulator 
register Ag is dlecented by the temporary storage or sigmator track 
write amplifiers as determined by the code stored in the track selection 
register flip-flops S,, S2, and,S3 as qualified by the term 02 03 Sq Sz |. 
K, Kz. The FW phase is terminated by setting flip-flop Kz by the term 
Ki 9; 07 S5 S4 Po. 


The operations performed by the normal store order are: 


Number Code 


0, 02 035, 52535455 

i ob TO 30 40 30° 0 | Ag stored in Yq 

ll 1 10 0 0 0 Ag stored in My, 
11101000 Ago stored in Mo 

1 1 1 21 10 0 0 Ag stored in Mj, and Mo, 
1 110041 0 0 Ag stored in Mo, 

1 1 21 21 01 0 0 Ag stored in Mp, and My, 
Loi ft © 1.0. *0 Ag stored in Mox and Mog 
1121212121 =0 40 


AQ stored in Moy and Moy and Moz 


Copy Ag Storage Location FW Sr 
mov = Ag Sy Sy S. Track 28 Kj K2 02 03 
mov = Ao S, 545, K] K2 02 03 
mox = Ao S55 Si, S, Track 29 Ky K2 02 02 
mox = Ao (S, 5,5, K1 K> 07 03 
moz = Ag S3 S4 S. Track 30 Kj, K2 02 03 
moz = Ao S, Sy S, Kj K2 07 03 
yo = Ao S,S,5,5,5, write in Ky K2 02 03 
yo = Ao S,5,5,5,5, yo Kj K2 02 03 


k> = K) Po J | 0 03+ 0) 0255 4 +53) 


4-66. MODIFIED STORE ORDER 0, 0, 0, S. S4 
The modified store order provides the program with the capabilities 
of reading into Ag from three sources: extracting and left or right 


shift, relay set orders and program stop, and left or right shift. 


The modified store order can be either a one or additional word opera- 
tion. The binary code of the order register and the combination of 
the track selector flip-flops provide the code for the command to be 
selected. The TB numbers are programmed and stored in the main 


memory as part of the instruction word. 


The order code is shifted in the order register during the IR phase. 

The order register flip-flops are all high to define the store order, 
while the S5 flip-flop is low and the S4 flip-flop is high which determines 
that the store command is a modified store. During the WB phase, the 
track information (Pjg through Pj5) is shifted into the track selector 
flip-flops. This portion of the track determines the exact modified 
store command to be used. At coincidence, the computer enters the 

FW phase. If the command selected is the read-in command (Y,] + 


Yo2 + Mn into Ag) the operation is completed in one word time. 


During the extract (Ag with My) and recirculate (Ag) commands, an 
additional word phase is required. A modified store code on kj and 

k3 }O1 03 (S5+S4S3)] causes the control transfer from FW to AW. 
The S2 clarifier in the command determines whether a left or right 

shift modification occurs. That is, whenS? is zero a right shift 

occurs, and when 82 is one a left shift occurs. The program determines 
how many words are necessary, and one bit of the Ag is shifted for 

each additional word. In the last word phase the contents of Ag are 


recirculated for one word, This does not modify the contents of Ago. 


Logic for FW read-in commands. 


FW Sy Read-in Yoi Yeo My 
a}, = K, K2 02 03 S5 S4 S3 MYe iS S). FX e952 M,, $1) 
a, = Kj K? 02 03 S5 S4 (S3 Yo] S28) + Yo28283 + M,, $1) 


Number code~ 


0) 02 03 51] 52 93 S54 S55 


1 It 410 0 1 =O Yo2 read into Ag 
1 lt 0 21 0 1 +40 M,, read into Ao 
1 l4d11%i1é0é#éd4i1£és90 YQ) read into Ag 


Logic for FW Extract (Ag with My) and recirculate (Ag) 


aj = GAg Kj 0] (Fj + S,Mn + 8] $3) 


a) = GAo Kj 0] (Fj + S3) + Ky Kz 02 03 S5 S4 (Mn S]) 


Number code 


0) 02 035), 52 83 S4 95 

1 1100110 °° Ex Ag with My 
1 111011 0  Recirculate RaBae ete 

A one results when Ag and M, both contain a one, anda zero results 
when a zero occurs in Ag, $3 1s high, or when a zero occurs in Ma 


and the Sj flip-flop is reset. 
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Example: 


Ay 1001011101 
M, 0001111110 
OOO0TOTIIO! 


The right shift modification occurs during the AW phase or the LW 
phase. For the right shift in AW, Ag is copied at all times except P24, 
or when Fy is low. The sign digit is extended to P24 by Ca, which is 
not reset until P24. 


Logic for AW right shift. 


NH 


fa 


Ca (Ag 01 02 K] K2 K3 $2 P24) 


(Ag 0) 02 Ky K2 K3 82 P24) 


At coincidence (S5 Po) the K3 flip-flop is reset and the LW phase is 


entered, 


Logic for LW right shift. 


i 


fa = Ca (Ay Fy) 

‘fa = Ca (Aj Fy) 

fh = 01 + 07 + Ky) +t Kp + K3 + So + Pog 

During the right shift command in the last word phase the contents of 


Ag are recirculated for one word by the following logic: 


aj = GAgo (K2 + Ky 02) 


G Ao (K2 + Ky 02) 


i 


a] 


Example of right shift (scope view) | 


Voir tt tos; 7 
11011111011. 1 Right-shift 


The FW extract (Ag with M,,) and recirculate (Ag) logic is identical for 


either left or right shift. The number code for this operation is the 


same in both cases with the exception of the S52 clarifier. For the left 
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shift modification, S2 contains aone. The left shift also occurs during 
the AW and LW phases. Normal add and carry logic is used for the left 


shift command. 


Logic for the left shift modification: 


ay = GAg (K2 + Ky 02) 
aj = GAo (Ko +: 0>) 
dj = Kj K?2 K3 0) O> 02 S2 Ag 


For a left shift during the LW phase, Ag is recirculated for one word, 
The D, flip-flop is reset in the LW phase by the following logic: 


The remaining 16 modified store orders include the program stop and 
15 relay set commands. The number code for the track selector flip- 


flops during the program stop and relay set commands is listed below. 


555453525] 

1 0-0 0-0. Stop 

LO 20> Oc Relay Set 
1 0 0 1.0 Relay Set 
1 0 0 1 1 Relay Set 
b Oe kOe 20 Relay Set 
1 oO 1 0 1 _ Relay Set 
1 0 1 1 #0 Relay Set 
1 0 41 1 1 Relay Set 
1 1 0 0 0 Relay Set 
11001 Relay Set 
11010 Relay Set 
EU. .70. oletal Relay Set 
1 1 I 0 0 Relay Set 
1 1 1 0 1 Relay Set 
1 11 1 £40 Relay Set 
1111641 Relay Set 
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These commands are recirculated during the FW phase then shifted 
to Tc AW. The 15 relay set commands vary with computer application, 


so no attempt at logic description is included in this publication. 
The program stop is recirculated for one word time in the FW phase. 
At Pg of FW, the K, and K3 flip-flops are set, and the 0] flip-flop is 


reset. The computer therefore, goes to AW. 


Logic for Kj K3 and 0, settings: 


i 


ky = Po K> 0) 0355 
k3 = Po Ky K2 01 03 95 
01] = Po Kj Kp 02 03 S5 


i 


The stop code of the modified store order causes the computer to re- 
main in the AW phase for one word time while the K? flip-flop is set 
at Po and the logic for the stop phase is completed. 


Logic for Ko set: 


ko = Pg K] 0] 03 S4 S3 S? S] 
4-67, MULTIPLY (Mu) 0] 02 03 (See figures 4-20 and 4-21.) 


The multiplication order forms the product (Pr) of the number in the 
accumulator (Ag) and the number in main memory (Moy). The contents 
of Ag represents the multiplier (Mr), whereas the multiplicand (Md) 
from Moy is located by the B address of the instruction. The order 
originates in the WB phase, continues through FW and AW and is com- 
pleted during LW. The number of additional word operations performed 
is determined by the sector address of the next instruction. This 
allows the multiplication operation to be terminated when the desired 
accuracy has been obtained in the product. The most significant digits 
of the product are generated first. That is, the most significant digit 
of the multiplier is used in the first step. In successive steps the mul- 
tiplier is shifted left so that the digits are used in decreasing order of 


significance. The multiplicand is shifted right one bit per step, and 
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NOTES: 


Ke O-Md(My) | Mr = MULTIPLIER 
Md = MULTIPLICAND 
Pr = PRODUCT 
EXAMINE SIGN are 
DIGIT OF Ao FOR SA Ro COPIES Ao RIGHT SHIFT 
(Mr) AND SET COINCIDENCE Do COPIES Moy Md 


OR RESET K, 


RECIRCULATE Ag 


WB PHASE . FW PHASE 


RECIRCULATE 
PARTIAL Pr 


LAST WORD 


EXAMINE MSD 


SEARCH 


OF Mr IN S3 MSD FOR Sg Masia PP ear: 
PLICATION 
AND SET OR COMPARISON COINCIDENCE COMPLETED 


RESET K, PRODUCT 


IN Ag 


Mr 


= ADD Md TO 
PARTIAL Pr 


Ne ey, 
AW PHASE LW PHASE 


Figure 4-20. Multiply Order, Flow Diagram 
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a bit is dropped from the least significant end of the word for each 


step. 


Binary multiplication is similar to decimal multiplication in the sense 


that: 


Mr Md Pr = Mr Md 


] 0 0 
0 0 0 
] ] ] 
0 ] 0 


However, in binary multiplication the most significant digit (M.S. D.) 


of the multiplier is the first term used in obtaining the product. 


Example: 
Step l. 
Was 0.1101 = 1a7ie Arithmetic Solution 
oe | 0.1%011 = 11/16 13/16 X 11/16 = 143/256 
Partial Pr = 0.01101 
* M.S.D. 


After each multiplication, the Md is right shifted one bit position, and 
the product of the preceding multiplication is added to the partial 


product. 

Example: 
Step 2. 
Rt. shift Md = 0.01101 
Mr = 0.1011 
Old partial Pr = 0.01101 

0.000000 

New partial Pr= 0.011010 


Ase 
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Multiply Order, Logic Diagram 


Figure 4-21, 
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Step 3. 


Rt. shift Md = 0.001101 

Mr = 010-1 4. 

Old partial Pr = 0.01101 
0.0001101 

New partial Pr= 0.1000001 

Send 

Rt shift Md = 0.0001101 

Mr = 0.1011 

Old partial Pr= 0.1000001 

| 0.00001101 
Final Pr = 0.1000 


lili = 143/256 


If, however, the multiplier is a negative number, i.e., the sign digit 
(digit immediately preceding the decimal) is a one, a modified type of 
multiplication is employed. The symbol Mr' represents the digits 
following the decimal point in the multiplier, and the product Mr! Md 
is formed. Since a one in the sign digit is equal to the quantity minus 
one, then the equation Mr! = Mr - (-1) = Mr +1 is valid. Therefore, 
the product is equal to Mr! times Md. Which, when substituting Mr + 
l in the place of Mr', is equal to Md (Mr-1), or Mr Md + Md. Hence, 


to obtain a correct solution, Md must be subtracted from the product. 


Example: 
Md 
Mr = 


i 
1] 


- 13/16 
- 11/16 


1 1 

0 1 

0 1 (0-Md) 
000 
0011 
00000 
1110011 


Pr. 1 olo.10001111 


Over flow 


MN 


oD) — OQ Oo — poceet 
- OF OK 10 0 
oOo KK CO KK 1K CO 


> 


- 143/256 
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The multiplication order begins in the WB phase where the sign digit 
of Mr is examined at Pog to determine whether Md is to be subtracted 
from 0 or not. The carry control flip-flop (Kc) is used to make this 
decision. If K,= 1, Mr is subtracted from 0. If Ke = 0 Ag is re- 
circulated. The output of the Ke flip-flop is determined by the follow- 


ing input logic: 


a 
Il 


~=K, K2 ts. 73 
Ke = Ky K2 K3 & [Ts Tg (F3 + Ta) | + Ki K2 0) Ao Po 


The Ke flip-flop is set for SB coincidence and reset if no S® coincidence 
occurs. If5S® coincidence is found, the sign bit in Ag is copied at Po. 
Where K, 1s high at SB coincidence it remains high into the FW phase 
providing Ag Po = 1. The FW phase is entered at Po of WB by resetting 
the K2 flip-flop. 


Logic 
k2 = J Ky K2 (0) + 02 + 03) K, Po 


The K3 flip-flop is also reset at Pp of W§ if K, is high at sector 


coincidence. 


In the FW phase if Ke is one, Md is subtracted from 0. That is, 
Aj, = 0 and Md enters the adder from Dj and the resulting operation 
Aj, - Dy, or 0 - Md, takes place. This operation is illustrated by 


the examples in the paragraph following step 4. 


Logic for A] - D, (0 - Md): 


When Moy is copied into the 24 bit register (Do) at Po of FW, the 
multiplicand is right shifted and the least significant digit (P24)is lost. 
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Logic for Do: 


ee 
do = Ky Moy 
The K3 flip-flop copies Ag and contains the most significant digit at 

Po time. The K, flip-flop copies K3 for multiplication during the first 


additional word. K3 is set at Pg for AW, and K,. copies K3 for FW Mu. 


Logic for K3 and Kg: 


k3 = K, Kz 0) 02 (Ag + Po) 
k3 = Kj K> 0] O05 Ag Po 

ke = Ky 03 K3 Po 

ike = K4 K2 03 K3 Po 


In the additional word phase, K,. determines if Md or zeros are added 

to the partial product. The Ke flip-flop is set by S3 which contains 

the most significant multiplier digit. IfS3 and K, are reset A, and 

D), are added. The aj input signal copies Ag for AW Mu while the -Dj 
flip-flop copies Do for AW Mu if K, = 0. The dj input copies 0 if K, = l. 
Hence, if K, = 0, A, and D) are added, and Cg is reset at P24. When 


S3 is 0 and K;, is high, no operation takes place. 


Logic for Ca, Ke, A] and Dy] flip-flops: 


Ca = K, Ay D) P24 
= K, Aj D) + P24 


a 
w 


ko = Kj Kz 03 $3 Po 
Ke = Kj K2 02 83 Po 


f 
-— 

| 

A 
_— 

© 
th 

> 
© 


ay, = Kj 0, Ag 
dj = Kj Kz 03 Ke Dg Po 
dj = Kj ( 03 Do Po + 03 Kg) 


wa 


The multiplicand is right shifted in Dy by means of a 24 bit register. 
The sign digit is extended from S> on Pp of each word. Since the 
L.S.D., or P24, was lost during the right shift in FW, the sign digit 
is now in Rg at P] time in the first additional word. However, S?2 
copies Dg so that the sign digit is contained at Pg. The dg input to the 
Dp flip-flop copies S2 for the extended sign digit at Po. For all the 
other 23 bits, dg copies the Dg recirculation register. When dg copies 
S2, another digit on the least significant endis lost. At the end of 24 
additional words the Do register contains all ones or all zeros, de- 


pending upon the sign digit. 


Logic for S2 and Do: 


s? = K; K2 K3 03 Do 
S$? = K] K2 K3 03 Do 
dg = K, Kz (S2 Po + 03 Do Po) 


The multiplier is left shifted in Rog so that the most significant digit 
may be used as the multiplier. This is accomplished by using a 26 bit 
register which is formed by the Ro register and the S3 and Sq flip-flops. 
The sign digit of Mr was lost at Pg of FW when K3 was set for AW. 

At Po4 of the first AW, the 26 bit register contains the following: 

Pj - P24 inRg, Po inSqg, and Pj inS3. The Sq flip-flop was reset 

at Po of FW and a zero was shifted into the register at P54 instead of 
recirculating the used multiplier digit contained inS3. At Pg of the 
first AW S3 contains the next significant Mr digit (P2). All succeeding 
Mr bits are contained in S3 at Po of each additional word. At the end 


of 24 additional words the Rg register contains all zeros. 


Logic for the 26 bit register: 

S4 = Ky K> K3 03 Ro 
S4 = K) K> K3 03 Rg + Ky K2 Po 03 
= Ky K2 K3 03 S4 | 
= K) K2 K3 03 Sy 


Nn ¢) 
OW OW 
| | 


ro = Ky K2 $3 P24 


For the Rog register S4 copies Ro for AW Mu and is reset at Pg of FW. 
The S3 flip-flop copies S4 during AW Mu, while Rg copies S3 except 
at Po4. At Po4 time 1 0 il 0. 


To go from AW to LW beta sector coincidence is used. Since the Ro 
contains all zeros after 24 additional words no further multiplication 
takes place. Therefore, sector coincidence may be anywhere on the 
memory drum. In this instance S5 is used as the sector coincidence 
detector instead of K.. The Sb flip-flop is set at Pz) or Pj6 of AW. 
The Ss flip-flop is reset if no coincidence is detected during AW Sa 

(Pg - P3). If sector coincidence occurs and Ss is set, K3 is reset at 


Po and the LW phase is entered. 


Logic for S5 and K3: 


ss = Kj Kp K3 T5 T3 
= K, K>2 K3 pe ae Oe ae 


ax 63) 
Wo Ui 
! | 


= K), K2Ss5 Po J 


In the last word phase all operations continue exactly as in AW with 
one term of multiplication being completed at the endof LW. The 
product is located in Ag, while Do contains either zeros or ones as 
stipulated by the sign of Md, and Rg contains all zeros. The K? 
flip-flop is set at Py) of LW thereby returning the computer to the 
IR phase. 


Logic for Kp: 


ko = Pg K} K3 


4-68. DIVIDE ORDER (Dv) 0, 0, 0, (See figures 4-22 and 4-23.) 
The divide order forms the quotient of the dividend and the divisor. The 


dividend is stored in the A, register from a previous operation. The 


divisor is selected from ee memory via Sg and is read into the Do 
register during the FW phase. The quotient is developed in the Ro reg- 
ister, one quotient bit per word time starting with the sign bit. The 
length of the division order, or the number of quotient bits generated, 

is determined by the program through sector coincidence termination of 
the AW phase. During the LW phase the quotient is rounded-off. Whether 
the round-off entails an addition or subtraction is determined during the 


last word time of the AW phase. The round-off occurs as the quotient is 


transferred from the Ro register to the Ay register. 


Initially, during the FW phase, the Ro 
then an index bit is inserted at Po of FW. Also during Po of FW, the 


register is cleared to all zeros, 


sign bits of the dividend and the divisor are compared and the result, 

as shown in figure 4-25, is stored in the K flip-flop for use during the 
following word time. During the first word time of AW, the bit stored 

in K (sign bit of the quotient) is inserted in the Ro register one bit time 
after the reappearance of the index bit. The index bit reappears at P54 
time; therefore, the quotient bit is stored at Po time. The index bit is 
then right shifted one bit position so that the next quotient bit generated 
will be stored at Py time. The quotient bits are not shifted, but simply 
recirculated. This process continues throughout the AW phase. The 

sign of the quotient in the Ro register is actually the reverse of the proper 


Sign; however, during the LW phase the sign bit is again reversed to 


yield the proper sign. 


Meanwhile, during AW, the dividend (or initial remainder) is left shifted 
one bit position each word time. The divisor is simply recirculated in 
the Dp register and added to or subtracted from the remainder as deter- 
mined by the state of the K flip-flop. At the completion of each addition 
or subtraction, the result of the comparison of the most significant bits 
(sign bits) of the remainder and the divisor is again stored in the K. 


flip-flop to control the adder circuits during the next word time, and to 
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Figure 4-22. Divide Order, Flow Diagram 


Figure 4-2 
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ORDER REGISTER 


AW=K, 


LW=K,_ 


AW+LW=K, 
Dv=0) 

Po4.21 +Pi9-16=15 
Pg.gals 


Fy. Ey ARE 


Figure 4-23, Divide Order, Logic Diagram 
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Ko K3 


Ko K3 


O> 03 


NORMALLY HIGH 


enter the new quotient bit in the Do register. This process continues 
until sector coincidence occurs as determined by the program and the 


computer enters the LW phase. 


During the one word time of the LW phase, the generated quotient in the 
Ry register is shifted into the A, 
passes through the adder circuit where D, is either added or subtracted. 
Flip-flop D, 5 


currence of the index bit from the Ro register and remains set until re- 


register. As it is being shifted, it 


is initially (at P 4 time) reset, and then is set by the oc- 


set by P.. If K is in the set state (again, as the result of previous 


vialicutia of the divisor and the remainder) D, is subtracted from the 
quotient Ay which effectively adds a one to the last generated quotient 
bit. If K. is in the reset state, D, is added to the quotient (A,) which 
effectively leaves the quotient unchanged except for deleting the index 
bit. In either event (KO or K.) the sign of the quotient is reversed to 
provide the correct sign bit. The rounded quotient recirculates in the 
Ag register. | 


The following example illustrates the division process: 


Given: dividend = 1.101000 = -3/8 
divisor = 1.100000 = -1/2 
1.1011 
1.100000 /1.101000 
Compare sign bits: Like. . set K 
1.010000 Left shift dividend (initial). | 
(-) 1.100000 K is set .'. quotient bit = 1.°. subtractdivisor. 
1.110000 Compare sign bits: Like. . set K. 
1, 100000 Left shift dividend (remainder). 
(-) 1. 100000 K . is set.’. Q = 1; subtract divisor. 
0.000000 ## Compare sign bits: Unlike .°. reset K .. 
0.000000 °# Left shift dividend (remainder). 
(+) 1.100000 =‘ K_ is reset .. Q = 0; add divisor. 
1.100000 Compare sign bits: Like .’. set K. 
1.000000 Left shift dividend (remainder). 


(-) 1.100000 K. is set. .Qe=1; subtract divisor. 
1.100000 Compare sign bits: Like .'. set K.. 
1. 000000 Left shift dividend (remainder). 

(-) 1.100000 K is set.'. Q=1; subtract divisor. 
1. 100000 Compare sign bits: Like .*. set K 


Sector coincidence occurs 


Unrounded quotient = 1.10111* (A,) 
Round-off quantity = 1.00001 (D,) 
Rounded quotient 0.11000 = +3/4 


KK is set. Subtract D,. 


In the unrounded quotient the index bit appears im- 
mediately after the last quotient digit. During the 

AW phase, the index bit is shifted to the right one 

bit position each word time. 


The following paragraphs provide a detailed logic description of the 


divide order: 


During the W8 phase the Ka: D,; C_: and K. flip-flops are assigned their 
proper states in preparation for the division order. The Ko flip-flop is 


set at Poa and remains high when S8 coincidence is reached. At Po the 
K flip-flop is reset. The D, flip-flop, which was reset by K, during 


the Wa , IR, and WB phases, remains low during the FW phase since no 
d, logic occurs to set the flip-flop. Asa result, the carry flip-flop 


C. which was reset at P 4? remains low as long as D, is reset. When 


i | 


sector beta coincidence occurs K, is reset. 


Logic: 
eel K, Py (0, + 95) 
2) ay, 
a ~ P24 
k3 = K, K, Ko 


In the FW phase, the dividend (initial remainder) is recirculated in Ay 


and A, by the following logic: 


] 


ay =GK, 07 Ay oa 
ay =GK, 0, Ay Es 
ag =k, D, C. A, Fy 
ay=E.D, C A, FY 


Note that D, and om are high. 


The divisor is read into D 


is read into 35 from D 


0 from on and the least significant digit 


at P,. while the sign digit is read into C.: 


0 0 

Logic: 

fo = Bi Moy 

: do - a Moy. 

a ae ao 

2 aaiay es Se ak ae 

POs Gas eae a San eae 

a7 = 2A 
Ro is cleared to all zeros and S is set (index bit). 
Logic: 

: oii Ue eke 

S, = Ky K, 0, Py 
During the first AW phase the index bit is written in rp at P54 by 53: 
The S 3 flip-flop was set at Py of FW and reset when the first zero occurs 
on the Ro register. 
Logic: 

DO weaiees Oe a 

se aia ale ae aur 


The index digit, written into Y 


read out of Ro 


24 bits later at P 


0 at Po4 of the first additional word, is 


and rewritten into r.. This action 


0’ 0 


right shifts the index digit one bit for each additional word. The S, 
gate allows only the index digit to shift. 


Logic: 


To” ae 05 ee Ro 

a a ey ae 

S = Ky K,K,0, Ry 
Note S4 is set by Ro (index digit). 


The quotient digit is read into KO at P,, and stored until the next quotient 


24 
digit. The S, flip-flop copies K at R, and reads into r, one bit later. 


0 0 
The 53 flip-flop then reads R, to recirculate all previous quotient digits 


0 
placed in Ro: 
Logic: 
Se Ges tee ee es 
5, = K, K,K, 0, 8, K, +R) 
Ort a ea 
BGs ope ae ea” 2g 
oe yr 2 0 
ade ee nas ae ae 
The quotient digit is generated by comparing D, and ay at Poa: The 
divisor in Dy is recirculated through 55 to form a 25 bit register which 
is copied by D The D, flip-flop provides the sign digit of the divisor 


1° } 


due to the one bit delay through 55: 


to the serial adder at Ps4 

Logic: 
eG 
as a ee a 
aaa a ia Sa 
alae ee eg 
es ae ga a 
os suas ee Se a 


For each additional wrod: Ag is left shifted and a zero is shifted into 


the least significant digit position. The left shifted quantity, or remainder, 


is read into the serialadder. The left shift modification is accomplished 


by a two bit delay provided by 31° which copies Ap: and by Ay, which 
copies Sy: This 26 bit register places each new sign digit of the remainder 


in the adder at Po 4: 


Logic: 
ay eh oe eo 
| = me me PO. 
a a vy Py et Poa 
a, = K) BK, Ky 0, 8) + P24) 
Note: The a, logic along with the C. logic 1s the normal add - subtract 


0 
logic, with the K carry control flip-flop. 


The quotient digits generated by comparing D, ena a0 at P54 are stored 
vin K. via f, and os The state of the K flip-flop hinges on the result of 
the comparison between the divisor and the remainder. That is, when 
the sign digits of the divisor and the remainder are equal, K is set and 
| the action of the serial adder is that of normal subtract (A, - D,). How- 
ever, when the sign digits of the divisor and the remainder are not the 


same, K is reset and the addition function of the serial adder takes place. 
Logic: 


k 


Ge be 8 a 24 


The K logic is derived from the following: 


a i ee 24 
OOF cee ina A 
ay = FLD, +P OD, 


Substituting: 


Since: D, oa 0 ed = j - - 
ag a oe Eg ee We DS oA 
and: D, se = 
a . Pi Po 
The term K, K, 0, defines AW or LW division. 


The bar side of the K. logic 1s derived by the same procedure. 


kK. = (a) Dy) ta, D)) Po, 


Substituting: | 
K = (Fo D, +E. D,) D, Po4 TAF D, + FL D,) D, Po4 
- = aa D, ee D, TF OD, D, TPL D,D)) P54 
Ke ~ 2 ae = 2) ar 
se 7 os P94 


The term K, K, 0, defines AW or LW division. 
The programming of Sa coincidence in the additional words phase deter- 
mines the length of the division. Since Ko is used to store the quotient 


digit and for add or subtract control, S. is used for coincidence detection. 


» 


Logic: 
ea eee eae a 
S. = K) A, eee Ty F. 
- ~ ait LG us ae ty 
After Sa coincidence, AW goes to LW at Po by resetting the K, flip- 
flop. | 
Logic: 


During the LW phase, A, copies the unrounded quotient of Ro: 


Logic: : 
oe eae 
ay =K, K,K, 0 Ro 
The D, flip-flop which is reset at Poy is set by the index digit and then 


reset again at Po: This provides the value required to round-off the 
quotient in Ro: | 


Logic: 
ap = By ae Ro Po4 
Guat ae ee a 
do KO. 


This D, logic supplies the round off quantity to the serial adder. This 


value is then added to, or subtracted from, the unrounded quotient. 
4-69. SIGMATOR 


The sigmator, comprising a portion of the computer, provides an accu- 
rate, high-speed method of summing, storing, and processing incremental 
inputs from external sources. Typical uses of the sigmator are: accept- 
ing and summing random pulses, integrating various functions under the 
control of real time, transmitting data link information, and accepting 
the output of the analog to digital shaft converter. The incremental input 
flip-flops are also used as a shift register anda count-down register. 

All functions are performed during normal operation of the computer. 
Logic control divides the operation of the sigmator into eight phases 


which are described later in this section. 


The major portions ‘of the sigmator are the two tracks on the memory 
drum. One track is the pulse accumulator, or sigmator short line, and 
the other is the integrand register, or sigmator long line. Information 
is processed to and from the tracks by logic-controlled write and read 


heads and amplifiers together with associated flip-flops and emitter 
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followers. Figure 4-24 shows the sequential operation of the sigmator. 
A functional description of each of the major portions of the sigmator 
is contained in the following paragraphs and is followed by a description 
of each phase of operation. Detailed logic for the sigmator is shown | 


in figure 4-25. 
4-70. Major Portions of the Sigmator 


4-71. Pulse Accumulator Pulse Hold Flip-Flops. Incremental input 
pulses are stored temporarily in flip-flops vy through Ny and T .- Pulse 
time control logic qualifies the output of the flip-flops into the incremental 


adder. 


4-72. Incremental Adder (One-Bit Adder-Subtractor). The flip-flops 
C, and C. function as a ''carry'"' (+ register), anda "'borrow'' ( - regis- 
ter) respectively, to add algebraically the input increments. The in- 
cremental adder emitter follower Ba and the normal pulse accumulator 
emitter follower o feed into the pulse accumulator through the write 
amplifier and head Xo: 
4-73. Pulse Accumulator (Sigmator Short Line). The pulse accumu- 
lator, or sigmator short line, consists of a track on the memory drum, 
an associated write head, and five read heads. The write head Xo re- 
cords the output from emitter followers F. and Xo: Read head Ko 
spaced one word time later than Xo» supplies the incremental adder 
with accumulated increments which are added to the new input incre- 
ment. The output of the pulse accumulator is read from one of four 
read heads, spaced around the drum, time-sharing the read flip-flop 

X >: 
4-74. Serial Adder Input Selector. The serial adder input selector 
consists of logic including the phase control register, which selects 
the output from either the pulse accumulator, via read head X > or 
the integrand register, via Yo or Y 52 read heads. The output of the 
serial adder input selector is fed to the serial full adder through 


emitter followers Fy and F,. | 


' SIGNATOR 


SHORT LINE WORD 


20 WORDS. “45. BITS- Sept cre ee eet oe ee, 


+ SE | | 
iM nnn mn 1G WORDS + 19 BITS ————-———— - NOTES 
| | aaa 12 WORDS + 19 BITS ~~~ WW. = AT HEAD 
| | -—- 6 WORDS —2| —_a. WW. = 33 HEAD 
: teat . WW, = 32 HEAD 
: SIGMATOR SHORT LINE il ecueN [ao] Ria exTeeN 
"a x 1 
Bey [}33 [Jaz ies! ra Ud Wis = RECIRCULATE Moy 


HEAD SELECTION 
MATRIX 
CONTROLLED BY 
W, Wo 


TIME CONTROL INTEGRATION 


9 te) 
CONTROL CONTROL 


CONVERTER 
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& 7 ONLY 


rN 
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(TWO BIT 
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(OUTPUT = F,) 


C3 CARRY 
TO RESET 
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QUALIFYING LOGIC 
(OUTPUT = Fy) 


ACCUMULATOR 


REGISTER 
(Ay) 


NORMAL INCREMENTAL 


PULSE ADDER SUBTRACTOR 
ACCUMULATOR (OUTPUT = F.) 
(OUTPUT = F,) 

CONTROLLED 


BY 04 


(—) C5 
‘BORROW ' 


CONTROLLED BY 
BIT TIME LOGIC 


PULSE ACCUMULATOR 
PULSE HOLD FLIP FLOPS 
(OUTPUTS =V, -V5.T,) 
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Figure 4-24, 
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Sigmator, Flow Diagram 
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| | Figure 4-25, Sigmator, Logic Diagram 
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4-75, Phase Control Register. Flip-flops K K,, and Ke and their 


as 
associated logic constitute the phase control register. The flip-flops are 
program-controlled by information stored in the 3 ot track. Flip-flops Ty 


and T,, as used in phase control, are time-shared with bit counter usage 


5? 


in defining pulse times. 


4-76. Serial Full Adder (Two-Input Adder). The serial full adder ac- 
cepts the output of emitter followers Fy and F, and adds serially by using 


"carry" flip-flop C The output of the adder is fed through emitter fol- 


3° 
lower F3 to the integrand register. 


4-77, Integrand Register (Sigmator Long Line). The integrand regis- 
ter, or sigmator long line, consists of a 32-word section of a track on 

the drum. One write head Yo and two read heads Yo and Y 52 provide for 
input and output of the register. The output of emitter follower Bg qual- 
ifies the recording of-either the output of the serial full adder or the output 
0° Read heads ar and Y 52? 
32 words behind Yo: apply the output of the integrand register to either 


of the accumulator register A spaced 8 and 


the serial adder input selector or the accumulator register Ay: | 


4-78. Input-Output Selector. The input-output selector consists of 
flip-flops Wy Ww, and Ww, and associated logic control. They are used 

to qualify the various inputs and outputs within the sigmator. An ex- 
ample of their use is the selection of an output from one of the read heads 


of the pulse accumulator. 
4-79, Functional Cycle 


The functional cycle of the sigmator consists of eight phases which are 
program controlled. All operations of the sigmator are accomplished 
during the eight phases. Figure 4-25 defines the logic for each operation 
and includes the logic for the phase control register. The phase control 
flip-flops Ky: Ky, and Ke are set at Po by Ty, qT, and Sot with addi- 
tional control from the integration control bit which is stored in Xo) at 
P,. Flip-flops T, and T, are set by 36 codes at P, and Py respectively. 


0 4 5 t Z 
The input-output selection flip-flops, Ww, and W,, which also select the 
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read head of the pulse accumulator (short line), are controlled by infor- 


mation from S ot at P,, and P The read heads of the pulse accumu- 


lator are spaced so od the a acseueied group of pulse inputs in the pulse 
accumulator is selected and read by X 5 when that corresponding function 
is being read by the integrand register read head Y 02° The integrand 
register, being 32 words in length, cycles twice for each drum revolu- 
tion. Thus the pulse accumulator is read, or cleared, each half revolu- 


tion of the drum. 


The following list of the phases and their functions is followed by a de- 


scription of the individual phases. 


PHASE CONTROL 


PHASE REGISTER FUNCTION 
| K, K. K Accept summation of random pulses 
4°56 
from short line via X o>: (Yo + 


we K, K, K Integrate a function with respect to 
2 2 time. (Y , + Y AT = ) 
AS G2 ae = 200 0 
3 Ky, Ke Ky Process any two-word length integral 
and propagate any carry required. 
ee? “el oe Sa Vo 
4 K, K. K Shift data link word to left. 
7 a ee an 
Poo” “622 O) 
5 K, K,. Ky Add count down increments at rate of. 
1300/sec. during an 8-word recircu- 
2 ee ae + AT 269 = Yo) 
800 OL 0 
6 K, K. K Recirculate 32-word information un- 
oe © ha a UY +0 ) 
changed. 52 = Yq): 
7 K, K. K, ge eee a scan. 
n 7 % : 
8 Ky, Ky K, Allow propagation of carry, 32-word 


0 - Yq): 


recirculating loop. (Y 05 + C, = Yq): 


4-80. Phase Description. 


4-81. Phase 1. During phase l the accumulated increments in the 
pulse accumulator (short line) are added into the integrand register 

| (long line). The heads of the pulse accumulator are so spaced that while 
the summation of the increments of a function is in the read flip-flop X02) 
the corresponding function is in Y 52° Both X., and Y 2 feed the serial 
adder during phase 1. The output of the serial adder FP. supplies the write | 
amplifier Yo of the integrand register. A phase l exists for each set of 
pulse inputs during each 1/2 drum revolution. The sign digit of the incre- 


ment is held in X o> for each remaining time of phase 1. 


4-82. Phase 2. Integration of a selected function takes place in phase 
2. The function to be integrated may be one that has been programmed 
directly into the integrand register or one whose random pulse inputs are 
being accumulated. In the latter case the summation of the random pulses 
appears in the integrand register. The function to be integrated appears 
under the Yo head of the integrand register while the previous summa- 
tion appears at the Y 52 head. The function is integrated relative to real 
time at a nominal rate of 200 integration cycles per second. The time 


control increment is read by the read head of Xo] at Po for each inte- 


gration. 


4-83. Phase 3. When the summation of some function requires two 
words to hold the significant information, phase 3is used. For example, 
assume a function 'F'' which varies over a range such that the integral 
fl! requires two words. The Sign digit must be retained during the sec- 
ond word to be added to the most significant half of 'F"'. The XO flip- 
flop is set in the sign digit state of the first word at Po: phase two. 
During phase 3, the output of X 3 is disqualified so the sign digit can 

be held for all of phase 3. Also during phase 3, any carries to be propa- 
gated from phase 2 are held in flip-flop C, of the serial adder. 
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4-84. Phase 4. To provide data link information, the word to be 
transmitted must be shifted one bit to the left at each 32 word cycle 
of the sigmator so that at each cycle a different bit of the word is de- 
tected. The shift is accomplished during phase 4 by adding the word 


from Y 2 to itself in the serial adder each time it is read. 


During the first compute cycle the sign digit is detected at Po: Then 

the next most significant digit is detected during the next cycle, and 

the process is repeated until the least significant digit is detected at 

Po during the last of the twenty-five compute cycles. 

4-85. Phase 5. Phase 5 provides an eight word recirculation loop. 
The loop is used in counting down some value to zero with respect to 
realtime. The eight word loop recirculates at a nominal rate of 800 
times per second, because the Ti read head is spaced eight words 
after the write head Yo into which oe feeds. The count down is ac- 
complished by adding the time increments AT 200 through the use of 

the carry flip-flop C.. The summation is compared with the value of 
the function to be counted down which is entered in the integrand reg- 
ister. As the difference becomes zero, the sign bit is changed and is 
recorded at Po which indicates the end of the phase. 

4-86. Phase 6. Some functions, such as steering and torquing, stored 
on the integrand register require a 32 word recirculation without change. 
Phase 6 provides such recirculation by feeding Yo directly from Y 52 
spaced 32 words away. A programmed phase 2 or phase 3 is changed 

to phase 6 if the 200 cycle integration control bit indicates a deletion 


of integration. 


4-87. Phase 7. During phase 7 certain analog input functions are 


accepted into the serial adder from the M. converter scan. 


4-88. Phase 8. This phase is used in the case of a double-length 

function such as real time Summation when a carry propagation 1S re- 
quired. Flip-flop C, provides a +l count for each cycle to accomplish 
the propagation. The phase is a 32 word recirculating loop. Phase 8 


occurs only after phase |. 
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The integrand register is also used to store information in and to receive 
information from the accumulator register Ao: During FW phase ofa 
normal store order, the accumulator register may feed into the integrand 
register via Yo: Outputs from the integrand register may feed into the 
accumulator register through ai or Y 52 during certain modified store 
orders. These orders are specified in the section on orders in this 


chapter. 
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O(A, + Po) 


g + K,K, Md F 


Z 


1.280. LOGIC EQUATIONS 
K), K,, K, PHASE CONTROL FLIP-FLOPS 
k= R,+P, | K, |3,0, +0,0,(5, + §,8,) + 0,0,0,|+T + KK, [R 
rorer 0) 
kp SP KPa hee ea Ry Pe TA, 
= Rye KR, $1 O{O,9 5,955 3 dK 10,0. 40.0, 
(5, +5,) +0,6, | 
bad Py By Ka K. 10,0890, ) 
k, = R, +P) | J +.K,K, + K,K,0)0,(8; +88, + O5)) 4 K,K,0} 
k, = K, > O, OA, at AP, 4K, 0,00, - + Py J (K ae 5 
+ K)K,K.) 
Computer Phases 
PHASE State of the K,,K,, and K, FLIP-FLOPS 
Wu K, K, K, 
IR KPa Ss 
We BR) BK, BR, 
ae K) K, 
Aw K, BK, Bs 
S 
P KK, K, 
L ears i 
W K, K, K, 


Rior Taso 
ce 
Ke eG 
ke = te Po 
Ke OE 6 
ay Ot Po 
Phase Ky, 
! K, 
2 K, 
3 Ky 
4 K, 
5 K, 
6 K, 
7 2 
g Ky 


Ke Meacky 


(Xo) + Ty) 
+ Xo Ty age 
SIGMATOR PHASES 
State Of | 
K,, Ke F.F.'s Operation Performed 
K, Ke X + AX = Xn 
K, Ky X +X = Xn(integrate) 
K. Ke Integration with sign 
propogation 
(aie Left shift for data 
5 6 
link 
K_ K, Main engine cutoff 
5 6 ? 
countdown 
K. Ke Recirculate 
K. Ke Input to Yo from A/D 
Converter Disk 
Ke Ky Recirculate with Carry 


Propogation 
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S. Track Selector FF's 
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Ordinary Store and Modified Store Commands 


S5 Sy Ew Aw 
0 0 Ag stored in Yo 
0 ] A.. stored in M 
0 OV 
] 0 A. stored in M 
0 OX 
] l A, stored in M and M 
0 Ov Ox 
0 0 A, stored in M 
0 OZ 
0 ] A. stored in M and M 
3 0 Ov OZ 
] 0 A. stored in M and M 
0 Ox Oz 
] ] A. stored in M and M and M 
0 Ov Ox Oz 
0 Not used as a command 
] Yoo read into Ay 
0 M_ read into A 
n 0 
] Yo) read into Ay 
0 Extract Ay with M, 
1 * Recirculate Goes Right shift 
0 er ey ee Pye during Aw Recirculate 
QO n | 7 : during Lw 
Left shift 
] Recirculate Sr Aw 
| during Aw 
0 STOP 
] 
0 
7 
0 
] 
0 Recirculate 
l during Fw. RELAY SET 
0 Then go to COMMANDS 
; Tc Aw 
0 
l 
0 
] 
0 
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m - Converter Scan F.F, 
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x,, Short Line Sigmator Write Amplifier 
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Incremental Input Flip-Flops - Also Used As A Shift Register 
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Emitter Followers 


MM, 
tt 


K,+K $:O,.6 0.368 ee ae ee 


Z 4 5 L l 5 


fo K,+ KR, TK ft a 5 


Hh 
1 
O 
‘6 
a 
aw 
a 


K, TK 


r+, 
i 


270,70, 75, +5,75, 


£) = Yoo (Ky + Ky) + Yo, KKK, + MK KeKe 


ame = NEE —— 


Ay Soo ge eet Nope Mee 
i S69 4a Gg SOI ag. Oe a SG 

ip Sop ae F Ue oe a Se 

Ry Ke 

a aoe 

f.=O.+0,+5S,+S 


fo (eC. ae Ca BPC. ee FO, 1b, 


4-102 


O O,, O, Order FF's 
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4.90. LIST OF SYMBOLS 


SYMBOL 


By Big 


Dj 
Fy, Fl, F>, Fo 


DEFINITION 


Output of Accumulator Register Read Amplifier Flip-Flop 
Output of Accumulator Register Flip-Flop 

Most Significant, Set "0'', Converter Brush Signal 

Most Significant, Set "1", Converter Brush Signal 

Set ''0'' Converter Brush Signals 

Set ''l'’ Converter Brush Signals 

Least Significant, Set '1l'', Converter Brush Signal 
Output of Sigmator Serial Full Adder "Carry" Flip-Flop 


Output of Pulse Accumulator One Increment Adder- 
Subtractor "Carry'' Flip-Flop 


Output of Pulse Accumulator One Increment Adder - 
Subtractor 'Borrow'' Flip-Flop 


Output of Serial Adder-Subtractor "Carry'! Flip-Flop 
Output of Error (Positive) Scan Flip-Flop | 
Output of Error (Negative) Scan Flip-Flop 

Output of Multiplicand-Divisor Read Amplifier Flip-Flop 
Output of Multiplicand-Divisor Register Flip-Flop 


Output of Sigmator Serial Adder Input Selector Emitter 
Followers 


Output of Sigmator Serial Adder Emitter Follower 

Output of Serial Adder Emitter Followers 

Output of Normal Serial Adder Qualifier Emitter Follower 

Output of Incremental Adder Input Emitter Followers 

Output of Normal Sigmator Adder Qualifier Emitter Follower 

Output of Normal Pulse Accumulator Control Emitter 
Follower 

Output of Relay Set Signal Times Emitter Follower 

Output of Normal Recirculation Qualifier Emitter Follower 


Output of Sector Address Comparator Emitter Follower 
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SYMBOL 


| 
byl n oO ©) je) 


zo 
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Output 


DEFINITION 


of Normal Accumulator Recirculation Control 


Emitter Follower 


Output 


of Shift Register Load and Count Down Control 


Emitter Followers 


Output 
Output 
Output 
Output 
Output 
Output 


of Error Set Emitter Follower 
of Error Set Emitter Follower 
of Error Set Emitter Follower 


of Track Selector Gate Emitter Follower 


of Incremental Adder Logic Control Emitter Follower 


of Output Track Selector Emitter Followers 


Instruction Register Read Flip-Flop 


Output 
Output 
Output 
Output 
Output 
Output 
Output 
Output 
Output 
Output 
Output 
Output 
Output 
Output 
Output 
Output 
Output 
Output 


of First Control Flip-Flop 

of Second Control Flip-Flop 

of Third Control Flip-Flop 

of First Sigmator Phase Control Flip-Flop 

of Second Sigmator Phase Control Flip-Flop 
of Third Sigmator Phase Control Flip-Flop 

of First Word Phase Emitter Follower 

of Additional or Last Word Phase Emitter Follower 
of Sector Address Coincidence Scan Flip-Flop 
of Converter Scan Flip-Flop 

of Output Track Read Amplifier Flip-Flop 

of Main Memory Read Amplifier Flip-Flop 

of First Order Flip-Flop 

of Second Order Flip-Flop 

of Third Order Flip-Flop 

of Bit Time Emitter Followers 

of Bit Time Emitter Follower 


of Bit Time Emitter Followers 


Multiplier-Quotient Register Read Flip-Flop 


Output 
Output 
Output 
Output 


of Sector Address Read Amplifier Flip-Flop 
of First Track Selector Flip-Flop 

of Second Track Selector Flip-Flop 

of Third Track Selector Flip-Flop 
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SYMBOL 


Output 
Output 


DEFINITION 


of Fourth Track Selector Flip-Flop 
of Fifth Track Selector Flip-Flop 


Track Group Selection Control 


Output 
Output 
Output 
Output 
Output 
Output 
Output 
Output 


Output 


Output 
Output 
Output 
Output 
Output 
Output 


Output 


Output 
Output 
Output 
Output 
Output 
Output 
Output 
Output 


of Clock Signal Generator 

of First Pulse Counter Flip-Flop 

of Second Pulse Counter Flip-Flop 

of Third Pulse Counter Flip-Flop 

of Fourth Pulse Counter Flip-Flop 

of Fifth Pulse Counter Flip-Flop 

of Time Standard Flip-Flop 

of Time Standard No. 1 

of Time Standard No. 2 

of First Pulse Accumulator Pulse Hold Flip-Flop 
of Second Pulse Accumulator Pulse Hold Flip-Flop 
of Third Pulse Accumulator Pulse Hold Flip-Flop 
of Fourth Pulse Accumulator Pulse Hold Flip-Flop 
of Fifth Pulse Accumulator Pulse Hold Flip-Flop 
of Sixth Pulse Accumulator Pulse Hold Flip-Flop 
of First Input-Output Selector Flip-Flop 

of Second Input-Output Selector Flip-Flop 

of Third Input-Output Selector Flip-Flop 

of Fourth Input-Output Selector Flip-Flop 

of Fifth Input-Output Selector Flip-Flop 

of First Pulse Accumulator Read Amplifier Flip-Flop 
of Second Pulse Accumulator Read Amplifier Flip-Flop 
of First Sigmator Read Amplifier Flip-Flop 

of Second Sigmator Read Amplifier Flip-Flop 


Input to Accumulator Register Write Amplifier 


Input to Accumulator Register Flip-Flop 


Input to Sigmator Serial Adder ''Carry' Flip-Flop 


Input to Pulse Accumulator One Increment Adder- 
Subtractor "Carry" Flip-Flop 


Input to Pulse Accumulator One Increment Adder- 
Subtractor ''Borrow' Flip-Flop 


4-107 


SYMBOL 


Ca 


Input 
Input 
Input 
Input 
Input 
Input 
Input 
Input 
Input 
Input 
Input 
Input 
Input 
Input 
Input 
Input 
Input 


Input 


Input 
Input 
Input 
Input 
Input 
Input 
Input 
Input 
Input 
Input 
Input 
Input 
Input 
Input 
Input 
Input 


to 
to 
to 
to 


to 


DEFINITION 


Serial Adder-Subtractor 'Carry' Flip-Flop 
Error (Positive) Scan Flip-Flop 
Error (Negative) Scan Flip-Flop 


Multiplicand-Divisor Register Write Amplifier 


Multiplicand-Divisor Register Flip-Flop 


to the Y4 Relay Driver 


tothe Yg Relay Driver 


to 


to 


Instruction Register Write Amplifier 

First Control Flip-Flop 

second Control Flip-Flop 

Third Control Flip-Flop 

First Sigmator Phase Control Flip-Flop 
Second Sigmator Phase Control Flip-Flop 
Third Sigmator Phase Control Flip-Flop 
Sector Address Coincidence Scan Flip-Flop 
Converter Scan Flip-Flop 

Temporary Storage Write Amplifier 
Output-Temporary Storage Write Amplifier 
Temporary Storage Write Amplifier 

First Order Flip-Flop 

Second Order Flip-Flop 

Third Order Flip-Flop 

Multiplier-Quotient Register Write Amplifier 
First Track Selector Flip-Flop 
Second Track Selector Flip-Flop 
Third Track Selector Flip-Flop 
Fourth Track Selector Flip-Flop 
Fifth Track Selector Flip-Flop 
First Pulse Counter Flip-Flop 
Second Pulse Counter Flip-Flop 
Third Pulse Counter Flip-Flop 


‘Fourth Pulse Counter Flip-Flop 


Fifth Pulse Counter Flip-Flop 
Time Standard Flip-Flop 
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SYMBOL 
a 


v2 


Input 
Input 
Input 
Input 
Input 
Input 
Input 
Input 
Input 
Input 
Input 
Input 


Input 


to 
to 
to 
to 
to 
to 
to 
to 
to 
to 
to 
to 


to 


NOTE: 


DEFINITION 


First Pulse Accumulator Pulse Hold Flip-Flop 
Second Pulse Accumulator Pulse Hold Flip-Flop 
Third Pulse Accumulator Pulse Hold Flip-Flop 
Fourth Pulse Accumulator Pulse Hold Flip-Flop 
Fifth Pulse Accumulator Pulse Hold Flip-Flop 
Sixth Pulse Accumulator Pulse Hold Flip-Flop 
First Input-Output Selector Flip-Flop 

Second Input-Output Selector Flip-Flop 

Third Input-Output Selector Flip-Flop 

Fourth Input-Output Selector Flip-Flop 

Fifth Input-Output Selector Flip-Flop 

Pulse Accumulator Write Amplifier 


Sigmator Write Amplifier 


Inputs to Emitter Followers are specified by a 

lower case letter followed by the same subscript 

that the output has. | 

Example - fdis the input that produces the Fd 
output - the same is true of relay drivers. 


4-109 


Section V 


PROGRAMMING 
5-1. INTRODUCTION 


Programming is, in effect, a translation of data—usually mathe- 
matical—into information that will be accepted and operated upon by 

the computer. This section provides a brief explanation of the methods 
and codes used in translating problems into the formats acceptable for 
storage in the main memory, the control states which occur, instruction 


and data words, and the orders normally used in programming. 
5-2. MAIN MEMORY 


The main memory, as shown in Figure 5-1, is composed of 2368 addres- 
ses of permanent storage, 192 addresses of temporary storage, and 

384 addresses used for special purposes. The total of 2944 addresses 
is dispersed in 46 columns (tracks) of 64 rows (sectors) each. The 

full capacity (25 binary bits) of either instruction or data words may be 


stored in any sector of the memory until required by the program. 
5.3 CONTROL STATES 


The three control flip-flops define six control states which enable the 
computer to transfer information in and out of the memory and do the 


various arithmetic operations. These states are as follows: 


a. Wait a (W@q ). This state defines the period of time during which 
the computer is searching for the a sector address (Sq ). Since the 
memory location having the a address contains the next instruction to 
be used, this control state initiates a search for the next instruction. 


An"'instruction read-in' state (IR) always follows Wait a 


SECTOR 


ROTATION —————» 


DROW DOWMYAUAWNHHEO 


16 


63 


TRACK 


Hb, -1a° “10 


> «™ N 
ie) 


(e) 
(SS 5,. 
TEMPORARY 
STORAGE TRACKS 


Figure 5-1, Main Memory Layout 
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re 


SPECIAL PURPOSE 
TRACKS 


b. Instruction Read-In (IR). This state is one word in duration and 
defines the period in which an instruction is copied from the memory into 
the recirculating instruction register (Io). The IR state changes to wait 
B{WB) after one word, but WB may proceed immediately to the next Wa 


if the next word to be taken from memory is also an instruction. 


c. Wait 8B (WG). This wait state also defines a search; in this case, 
for the 8 sector address (SB). Since the memory location having the 6 
address may contain either an instruction or an operand, the next state 
may be either an "instruction read-in" (IR) or a ''first word" of opera- 


tion (FW). 


d. First Word (FW). This state defines the first word of opera- 
tion in the arithmetic unit of the computer. The duration of FW is four 
word times. The FW state may change to Wa if the arithmetic opera- 
tion was only one word in duration, or it may change to the "additional 


words" state (AW) if a longer arithmetic sequence is to be carried out. 


e. Additional Words (AW). This state defines the period for arith- 
metic operations which exceed one word in duration. The duration of 
AW may be any number of word times up to 64. At the last word of 
arithmetic operations, this state always changes to "last word" state 


(LW). 


f. Last Word (LW). The state defines the last word of the arith- 
metic operations which have extended for greater than one word in 
duration. This state changes, after one word time, to IR to cause 


read-in of the next instruction. 
5-4, VARIATIONS OF STATES 
The control states usually occur in the order given in paragraph 5-3. 


However, atime delay can occur between states when the sector add- 


ress specified by the program does not arrive in the proper time after 


5-3 


the control state is entered. Optimization of the program reduces this 
delay to the minimum when only the minimum word times for the orders 
are allowed in the program. The minimum word times for the various 


orders of operation appear in table 5-3. 


Add, subtract, clear-add, and normal Biine are said to be first word 
(FW) operations. The multiply, divide, and some modified store orders 
are additional word (AW) operations and vary in length. Since the con- 
ditional transfer order is a non-arithmetic operation, the time required 


to perform it is mainly dependent upon access time. 
5-5. INSTRUCTION WORD FORMAT 


Each instruction word of 25 bits supplies: (1) order code of the current 
operation, (2) binary address of the current operand to be used, and (3) 
binary address of the succeeding instruction word. Table 5-1] shows 


the distribution of bits in an instruction word. 
5-6. DATA WORD FORMAT 


Each data word, also of 25 bits, is a decimal number which has been 
converted to binary code. The least significant digit appears at position 
P24; the most significant digit at position P). Po represents the sign of 
the number, and a binary point exists between Pp and P,, supplying a 


fixed reference. See table 5-2. 
5-7. ORDER FORMAT 
The basic orders used in the programming of the computer appear in 


table 5-3. Descriptions of the circuitry involved and the sections of the 


computer referred to appear in chapter 4. 
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Table 5-1] 


Instruction Word Format 


Ta TS SB Sa 0 


P24 P23 P22 P21 P201P19 P18 P17 P16 P15| P14 P13 Pl2 Pll P10 P9/P8 P7 P6é P5 P4 P3/P2 Pl PO 
29 21 22 


20 21 22 23 24429 21 22 23 241)29 21 24 23 24 29429 21 24 23 24 pe 


Ta = Track address of the next instruction 
TB = Track address of the operand 

SB = Sector address of the operand 

Sa = Sector address of the next instruction 
Oa = Order to be performed 


Table 5-2 
Data Word Format 


P24 P23 P22 P21) P20 P19 P18 P17 Pl6 P15 Pl4 P13 Pl2 Pll P1O PY P8& P7 Pb P5 P4 P3 P2 Pl PO 


P24 = Least significant bit position 
Pl 
PO 


Most significant bit position 


Sign bit position 


va 


Order 


Abbrev. 


Clear Add 


Extract 


Multiply 


Conditional 
Transfer 


Add 


Divide 


Subtract 


Store 


Shop 


* = Length of operation 


Table 5-3 
Order Coding 


Order 
Description 


Clear the accumulator C(A) to 0 
and to it add the contents of the beta 
address C(M). 


Compare the contents of C(A) to con- 
tents of C(M). Resultant contains 1] 
where 1 occurred in both C (A) and C ( 


Multiply the contents of C(M) by the 
contents of C (A) 


If the sign of C(A) is negative take 
the next instruction from the alpha 
address of the current instruction. 
If the sign of C(A) is positive, take 


the next instruction from the beta 
address of the current instruction. 


Add the contents of the beta address 
to the contents of the accumulator. 


Divide C(A) by C(M). 


Subtract the contents of C(A) from 
the contents of C(M). 


Store Order Coding (see table 5-5). 


Discrete Order Coding (see table 5-6). 


). 


5-8 COMPUTATION TIME 


The times shown in table 5-4 represent minimum computation time only. 
Any additional access time must also be considered in estimating the 


time of a program. 


Table 5-4 


Computation and Word Times 


Minimum Word Real Time 
Event Times Required Seconds 


Clear Add | 4 .000625 
Extract 4 000625 
Multiply (25 bits) ot .00421875 
Conditional Transfer z .0003125 
Add — | 4 .000625 
Divide (25 bits) ; 28 . 004375 
Subtract 4 .000625 
Store (Normal) 4 .000625 
Store Yo 4 .000625 
Clear Add Yo. 4 .000625 
Clear Add Yo2 4 .000625 
Clear Add M. 4 .000625 
Extract A,M_; Left Bs .00078125 
Shift (1 plage) 
Left Shift (1 place) 5% | .00078125 
Extract A,M_; Right Bx | .00078125 
Shift (1 place) | | 
Right Shift (1 place) os .00078125 
Relay Set (Reset) 55-64 .008125-0.01 


* Each additional shift requires one additional word time. 


5-9. STORE ORDERS 


5-10. Normal Store 


The normal store orders define the codes necessary to provide place- 
ment of the accumulator data into the temporary storage tracks. A 


description of the coding appears in table 5-5. 
5-11. Modified Store 


The modified store orders define the codes for access to the sigmator, 
the extract and shift, and the shift only functions. Table 5-5 shows the 


coding for each function. 
5-12. Discrete Orders 


Most discrete orders, relay sets, and relay resets, are special orders 
which change with each application. Therefore, descriptions of these 
orders—other than the stop order—are not included in this section. 


Table 5-6 describes the discrete order coding which applies to this section. 


5-13. DATA 


5-14. Binary Numbers 


The Binary number system is a number system similar to the decimal 
system except that is constructed with 2 rather than 10 as a base. 
Table 5-7 shows the binary numbers and their decimal counterparts. 
A table of powers of 2 appears in table 5-8 for reference in making 


conversions. 
5-15. Conversion 


The binary number system is used in programming the computer. 
Decimal number operands are converted to the natural binary system 
as shown in table 5-7. The least significant bit appears at the right 
of each binary expression. Actual numerical quantities are expressed 


in paragraph 5-11. 
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Table 5-5 
Store Order Coding 


STORE ORDER FORMAT 


P19 P15 P2 Pl PO 
1 oO 1 0 0 Lf 2 «A 


Sl S2 $3 S4 S5- 01 02 03 


NORMAL STORE CODE 


| Minimum 
Tp Order Word Time 
Sl SZ S3 S4 S5 Ol O02 03 
0 0 0 0 0 l l 1 C(A) into Y 4 
] 0 0 0 0 ] 1 1 C(A) into M 4 
0 ] 0 0 0 Pe YW 1 C(A) into M 4 
] ] 0 0 0 l ] 1 C(A) into Mand M 4 
ox Ov 
0 0 1 0 0 l i 1 C(A) into M,, 4 
l 0 ] 0 0 ] ] 1 C(A)intoM _ andM 4 
OV Oz 
0 ] 1 0 0 ] l 1 C(A) into M._— and M 4 
| Ox OZ 
] ] ] 0 0 ] ] 1 C(A) into M_— and M. 4 
7 eS ox OV 
OZ 
MODIFIED STORE CODE 
1 0 0 ] 0. ] ] l Yo¢ into AY 4 
0 1 @ l @) l l 1M into A 
_ n O 
] ] 0 ] 0 1 l 1 Y linto A 
0 0 l ] 0 ] 1 1 Ex A, with M Right Shift 4+n* 
] 0 ] ] 0 ] ] I Right Shift Only 4+n* 
0 l l l 0 1 1 JE, A. with M|; Left Shift  44n* 
op | l 1 ] 0 1 l 1 Left Shift Only 4+n* 


*A minimum of one shift is required and takes five word times. 
Each additional shift adds one word time. 
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Table 5-6 
Discrete Order Coding 


Minimum 
Word Time 


eB) 
war 
0D) 
4 
UO 
WN 
rt 
QA 


Table 5-7 


Binary and Decimal Equivalents 


Decimal 


3 
5 
3) 
0) 
A 


saAaOeHO HO HOH OAR DH OTH O HOH OHO TO HO He 
Oe tH OOH HOO RnR HB OO ht HO OR TO OR HOO nH eH 
DOOM HHHOODOOHN NH HHODOOONHHHOOOO 
OOooO0O0C OO BAe eH tH eH AH HOODOO OOO CO RF at a 4H 
a io ao ee a TE eo 0 a a a ie re ee oe ee Be Boe oe Be 


eaters eto etied et ed ed ed oes reeset aA st SH SS AS Ss Ss Ss OS eS Ss St eH 


Ore NO TWO OO tf CO & 


On OF OH DH On On On ODO tH OTOH OH OHO HO 
CO HOO nH HOON HOCH HOO HAH OOH HOOK 
ODOV OC Ft Ht TODO COCO Rn HTH tH OCT OC OH A et Ht OOO 
OCOOODODCVC DOO RA aA ne eet Ht BOO OO OCC OO aM HH 


eet eet et es eS et os ort Oost ot 


Ox O x 
oO ne ae 
aad iedt 
ae ed ed 
ret tod ed 


rest et ed 


ot On © 
oa OO ex 
CO as mt HH 


eset ret 


eq ie ed ef 


52 288 


1 048 576 
2 097 152 
4 194 304 
8 388 608 


16 777 216 
33 554 432 
67 108 864 
13 217 728 


268 435 56 
536 870 912 
1073 741 82h 
2 147 483 648 


l, 29 967 296 
8 589 93 592 
17 179 869 18) 
3 359 738 368 


68 719 76 736 
137 438 953 72 


274 877 906 9h 


549 755 813 888 


EB wow SOW WNHOHFO 5 


Eo 


Table 5-8 
The Powers of 2 


0.000 488 281 25 


0.000 2h 140 625 
0.000 122 070 312 5 
0.000 061 035 156 25 
0.000 030 517 578 125 


0.000 015 258 789 062 5 
0.000 007 629 394 531 25 
0.000 003 814 697 265 625 
0.000 001 907 348 632 812 5 


0.000 000 953 67h 316 406 25 
0.000 000 476 837 158 203 125 
0.000 000 238 418 579 101 562 5 
0.000 000 119 209 289 550 781 25 


0.000 000 059 60) 644 775 390 625 
0.000 000 029 802 322 387 695 312 5 
0.000 000 O14 901 161 193 847 656 25 
0.000 000 007 50 580 596 923 828 125 


0.900 000 003 725 290 298 461 91) 062 5 
0.000 000 001 862 65 149 230 957 031 25 
0.000 000 000 931 322 57h 615 478 515 625 
0.000 000 000 465 661 287 307 739 257 812 5 


0.000 000 000 232 830 643 653 869 628 906 25 
0.000 000 000 126 415 321 826 93 814 S53 125 
0.000 000 000 058 207 660 913 467 O7 226 562 5 
0.000 000 000 029 103 830 4S6 733 703 613 281 25 


0.000 000 000 OL, 551 915 228 366 851 806 640 625 
0.000 000 000 007 275 957 614 183 425 903 320 312 5 
0.000 000 000 003 637 978 807 091 712 951 660 156 25 
0.000 000 000 001 818 989 hO3 545 856 475 830 078 125 
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5-16. Positive and Negative numbers 


All positive numbers are programmed in the natural binary form as 
shown in table 5-9. Inthe sign position, a ''o'' denotes a positive 

sign and a '']'' denotes a negative sign. All negative numbers are 
programmed inthe two's complement form. The two's complement 
method is used primarily because the sign bit of a number can then 

be ignored until the end of the operation. By the use of complements, 
two numbers can be added together without requiring any sign tests in 
the logic. An example of the two's complement form of a number as it 


would exist in an operand appears in table 5-10. 


Table 5-9 


Positive Coded Operand 


P7 Po P5 P4 P3 P2 Pl . PO 


] 0 1 0 1 0 | 0 


The above operand converts to: 2 


Table 5-10 
Negative Coded Operand 


P7 Poé P5 P4 P3 P2 Pl. PO 


] 1 0 1 O 1 0 ] 


en a eee eo ee 


The above operand converts to: ae 


5-17. SAMPLE PROGRAM 


A programmed and coded arithmetic problem appears in table 5-11 to 
illustrate the complete process of programming, coding into addresses, 
and recording on the program check sheet. The word time sequence 
progresses from sector to sector, with time between allowed for com- 


putation time. 


Table 5-11 


Programmed and Coded Problem 


PPT = lL [es [el cme 


Equation: y=ajta x + 25 x° 


l 
y = (a> x + a))x + ag 


Revised: 


una sora x in 28-46, 29-34; ap in 7-50; 
a;in 7-10; ay in 7- 58 


Program Addresses 


7 28 45 47 AT |Clear Ap and add x 
f) 7 49 6 MU |Multiply az by x (22 bits) 
7 7 9 11 AD |Add a, 
i a9: 33 54 | MU|Multiply x by (az xaj)) (22 bits) 
7 57 59 | AD |Add a, = y 
¢ 7 61 63 SR ly 28-58, 29-2, 30-30 
Stop 


Coded Addresses of Program 
11100 |00111}1011014111101 | 000|Clear - Add x 


11100 |11100]100011}011000 | 010 |Multiply a, by x 
11100 }11100}100100/110100 | 100 |Add a, 
11100 }10111]100001/011011 | 010 |Multiply x by (az x + aj) 


11100 ]11100]/100111/110111 | 100 |Add ag =y 
11100 ;11100j/1O11IIj111111 J llljy 28-58, 29-2, 30-30 


Note: Least significant bit is at left of each column 


Track Number of Main Memory 
Cordinate 


Sector Number of Main Memory 
Coordinate 


Track of Operand 
Sector of Operand 
Track of Next Instruction Word 
Sector of Next Instruction Word 


Order Code 


Section VI 
MAINTENANCE 


6-1. GENERAL 


This section contains maintenance information on the ASN-24 Computer. 
Computer maintenance is facilitated by use of associated test equip- 
ment which is described in the following sections of this manual. Obvi- 
ously, reasonable care in the transportation, handling, and operation 

of the equipment will prolong its useful life and minimize the possibility 
of trouble. Periodic visual inspections should be made of cases, controls 
and switches, jacks, pins, connections, components, and interconnecting 
cables. Keep a log of inspections, adjustments, replacements, and 


repairs. 


Most components are encased to protect against dirt and foreign matter; 
however, a vacuum cleaner may be used sparingly to clean the equip- 
ment. Never use a jet of air. The computer and associated test 


equipment do not require additional lubrication. 
6-2. LOGIC TROUBLESHOOTING 


The other sections of this manual must be studied before any attempt 
is made to troubleshoot the computer. A clear understanding of com- 
puter concepts, logic, and methodology is necessary for proper main- 
tenance of the equipment. Haphazard, exploratory troubleshooting is 
more likely to be detrimental than corrective to complex circuitry. 

To determine if a particular section of the computer is in good work- 


ing condition, the following logic checks should be made. 


a. Check to see that the flip-flops used ina particular logical opera- 
tion have complementary output signals. The two outputs of any flip- 
flop are complementary when one output is always the inverse of the 
other output; that is, if one output is high, the other output must be low. 
If the outputs of any flip-flop are not complementary, the flip-flop is 
defective and must be repaired. The converse is not necessarily true; 
a flip-flop may have complementary outputs and still be defective. A 
flip-flop must be checked dynamically to ensure that it is operating 
properly. | 

b. Dynamic check of a flip-flop requires that the logical conditions 
tor turning it on and off must be met. (See other sections of this 
manual for logic.) Ifa flip-flop does not respond properly, it should 


be repaired. 


c. Check the logic gates by testing the output of a logic gate fora 
specified pulse or DC level. If the output of a logic gate is not as 
specified, the inputs of the gate must be similarly checked. In check- 
ing logic networks, it must be remembered that the cross-multiplying 
terms qualify all flip-flop logic inputs. If the inputs are correct, the 
gate is faulty and must be repaired. If any inputs are not as specified, 
trace the incorrect input signal lines back toward their source until 
the defective part is located. The source of an input signal may be a 


manual switch, a flip-flop, or other component. 


Section VII 
FILL AND TEST UNIT 


te hs DESCRIPTION 


The fill and test unit is 13-1/2 X 8 X 8-1/2 in,, weighs 15 lbs, occupies 
0.45 cu ft of space, and contains numerous switches, test points, re- 
ceptacles, and associated wiring. It requires 35 watts from a 115V AC 
line to neutral 400-cycle three-phase source. The unit has a self- 
contained power supply capable of supplying all the necessary supply 
voltages for the fill and test unit circuitry. The unit is used, in con- 
junction with other equipment, to enter words or taped programs into 
the computer's main memory, and to test, troubleshoot, and maintain 


the computer. 


The upper section of the front panel has a Test Start control switch 
which determines which of the two addresses of the instruction (8 ora ) 
is to be used as the starting address. See figure 7-1. The Stop light 
comes on when the fill and test control flip-flops are in the stop state, 
Ef (Hy + Hs) E|E>- The Step pushbutton is used to initiate all opera- 
tions in either the test or fill sub-modes. The sigmator switch 

(B Sine 8, 16, 32, 64) is associated with the test controls on the incre- 
mental input tracks. The A Sync and B Sync switches are used for 
selecting particular words as the origin for the index pulse in the fill 
mode and origin for loop sub-mode of the test mode. Aside from this, 
the A Sync and BSync switches also provide utility syncs for the oscil- 


loscope. Numerous computer test points are on the side panels. 
7-2. THEORY OF OPERATION 


There are two main modes of fill and test unit operation: fill mode and 
test mode. The purpose of the fill mode is to enter information on the 


memory drum from perforated tape and to check that all entries have 
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been correctly made. The fill mode's sub-modes are: build index (H1), 
tape fill (HO), check (H2), and word fill (H3). The test mode permits 
verification of the computer's operating condition and facilitates com- 
puter maintenance. The test mode's sub-modes are: loop (HO), one 
step (H1), instruction fill (H2), accumulator fill (H3), instruction sync 
(H4), and instruction stop (H5), A and B Sync functions are used in 
both the fill and test modes. See figures 7-2 through 7-5 for power 


supply, logic, and wiring diagrams. 


f=s2° DeSynein.) 
The Ey flip-flop is set high at Pp of every word with q7 (Pp emitter 
follower). Flip-flop Ey, is therefore high during S68 andS@ portions of 
every word for coincidence detection of the A, switch data against 55}. 
If coincidence is detected, the E, flip-flop will remain high through the 
order portion of the word, and at qg (Py emitter follower) a sync pulse 
will be available at the A, test jack on the side of the fill and test unit. 
This A. pulse provides a convenient scope sync for any word avound 
the drum; however, it is primarily used as logic control within the fill 
and test unit. If coincidence is not detected, the Ey, flip-flop will be 


set low to inhibit generation of the sync pulse at P). 
7-4. B Sync (B,) 


B sync is generated in the same manner as A sync using E,; as the 
coincidence detection flip-flop providing the sigmator switch (B Sync 
8 


the high order portion of the B Sync switches in order that data circu- 


, 16, 32, 64) is in the 64 position. The sigmator switch breaks into 
lating on the sigmator tracks can be viewed on the scope. The sigmator 
switch enables the operator to have a B, pulse every 8, 16, 32, or 64 
words as desired. The primary function of B, is that of a utility scope 


sync. 


7-5. Test Mode 
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Figure 7-1. 
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7-6, Loop (HO). Loop sub-mode is used to continuously cycle through 
a one-drum revolution, or less, segment of the program. This permits 
checking of logical operations ina dynamic manner rather than by static 
or single-step methods. 

Upon switching into the loop sub-mode, the control flip-flops (Ej, E>) 
may be in any state. However, as soonas the first A Sync (A .) pulse 
occurs, the control flip-flops will be set to the EV E2 state. The com- 
puter thus enters the stop phase and the instruction register (I,) is 
filled from the instruction switches (Sj) through Sg). The computer 
stays inthe stop phase for one word time, then goes to the WB or W@ 
phase, as determined by the Test Start switch selection. The computer 


follows the program from this point until the next A pulse occurs; 


then it recycles. 


The sector addresses referred to above are those contained in the 
instruction switches. The loop length is variable up to one drum revo- 
lution. Although this sub-mode does not require the Step pushbutton 

to initiate cycling, depressing the pushbutton will force the computer 

to stay in the stop phase as long as the pushbutton is depressed. Should 
an internal stop occur during the loop, the computer will stay in the 


stop phase only until the next A,. 


Figure 7-6 indicates that due to control flip-flop E, (which controls 
instruction and order register filling) the fill operation starts at F 9 
but since FE, also goes low at the next Po; no error is made in filling 


the instruction and order registers. 


recog ae One Step (H1). One step sub-mode is used to cycle through the 
stored program one instruction per step by use of the fill and test unit 
Step pushbutton. Upon switching to the one step sub-mode, the S6nivol 
flip-flops (Eres ES) may be in any state. The computer is forced into 
the stop phase S,) following first instruction read-in phase (I, ) where 
the states of EH; and E> are E)E>. In order to initiate one step, the 
Step pushbutton must be depressed and released. At the first Po fol- 


lowing release of the step pushbutton, the computer enters either the 
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NOTES: 
INTERPRET ABBREVIATIONS PER MIL-STO-l2 


2. INTERPRET ELECTRICAL € ELECTRONIC SYMBOLS PER MIL-STD-15 


3.INTERPRET ELECTRICAL € ELECTRONIC REFERENCE DESIGNATIONS PER MIL-STD-16 
4 ALL DIODES 1N1909R UNLESS OTHERWISE SPECILIEO 
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Figure 7-2. Power Supply, Schematic Diagram 
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Figure 7-4, 
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WB or Wa phase, as determined by the Test Start switch selection. 
The computer runs until the end of the next In phase, at which time 
the computer will be forced into stop (S.) to await a step signal from 
the pushbutton. While the step pushbutton is held depressed, the in- 
struction and order registers are in no way modified. At the endofa 
one step operation, the new instruction is contained in the instruction 
and order registers. Should an internal stop order 5) occur during 
a one step operation, it will be treated logically the same as an Ip 
phase and force the computer to stop. For control states, effective 


logic, and timing diagram see figure (=7. 


7-8. Instruction Fill (H2). Instruction fill provides the capability 
of injecting an instruction directly into the instruction register from 
the data word switches. All possible instructions may be selected by 


the data word switches. 


The instruction fill sub-mode may be entered from either the one step 
or accumulator fill sub-modes. In either event, the control flip-flops 
E, and E, will be in their stop state, 1. e., E\E>. The contents of 
the instruction and order registers will not be modified until the Step 
pushbutton is depressed. Depressing the Step pushbutton sets E) high 
and causes the instruction and order registers to be filled with the 
instruction defined by the instruction switches. When the Step push- 
button is released, the first P, pulse will set E, high, then Py will 
set EF) low. Whenever both EF, and E> are high at Po, the computer 
will enter either the WB or Wa phase as determined by the Mode 
switch selection; although this situation may occur in this sub-mode, 
the computer will stay in the WB or Wa phase for only one word time, 
then be forced into the stop phase (S,,). The instruction and order 
registers will be filled while the step pushbutton is held depressed and 
through Pop after release of the pushbutton. Instruction fill must be 


terminated at the end of a P, in order to prevent the order register 


0 
shift action from terminating at a time other than Pp. For control 


states, effective logic, and timing diagram, see figure 7-8. 
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CONTROL STATES: 


Ey. 20 


SYNC PULSE- STOP 


EFFECTIVE LOGIC: 


e.=S 
i sw 
e, =E,P,POtAs ee 
Le nk | a 
ea ak a er ae 
f=E, 
oe ae ie 
jJ=E, 
€,=A,+K, K,K,P, = 


TIMING: 


Figure 7-6. Test Mode, Loop Sub-mode 
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CONTROL STATES: 


EFFECTIVE LOGIC: 


P +e. K, K P.P e.=S 


] 2 6 2 0. 8 S Ww 
€=E,[K, (Eg ty Eg) +K, K(k, Po+P,)| €.=5,, 
e,=E, P,P, f=E, 
€=K, KP, I=E, 


TIMING: 


Figure 7-7. Test Mode, One Step Sub-mode 
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CONTROL STATES. 


EFFECTIVE LOGIC: 


e.=S 
ae 6 EW 
.e, SEPP 7 
e.=S 
— _ Ss >w 
€,=£,K, Ki(K,Po+P) 
oe f=E, 
e,=E,PaP, 
@.=K.K_ K.P. +E 2 
Sa PE ag ey 
L=£ 


TIMING: 


PHASE: SP SP SP WB SP SP SP 


Figure 7-8. Test Mode, Instruction Fill Sub-mode 


7-9, Accumulator Fill (H3). Accumulator fill provides the capability 
of injecting a data word directly into the accumulator. By accumulator 
and instruction fill sub-modes, it is possible to fill the accumulator 


from any memory location. 


Accumulator fill sub-mode may be entered from either the instruction 
fill or instruction sync sub-modes. The control flip-flops (FE), E,) may 
not be in their stop states; however, E), and E, terms set F and J low 
after two word times to force the computer into the stop phase. The 
timing sequence for the control flip-flops is similar to instruction fill. 
The prime difference between the two sub-modes is that FE, controls 

the accumulator fill logic G rather than instruction fill logic L. For 


control states, effective logic, and timing diagram see figure 7-9. 


7-10. Instruction Sync (H4). The computer need not be in the stop 
phase when switching into the H4 sub-mode; however, it is likely that 

it will be. Assuming that E, and E, are low, depression of the Step 
pushbutton will cause E, to be set high at Po; the first P, after the push-. 
button is released will set E, high. Assuming E, and E, are high at 

Po will cause the computer to enter either the WB or Wq@ phase, de- 
termined by the Mode switch selection. Once computation has been 
initiated by the Step pushbutton, the computer will continue to run until 
an internal stop occurs or the position of the sub-mode switch is changed. 
Upon releasing the Step pushbutton, the program will be entered ata 
point defined by the instruction register contents. The instruction sync 
pulse I, occurs at P, time. For control states, effective logic, and 


timing diagram, see figure 7-10. 


7-11. Instruction Stop (H5). Instruction stop is used mainly in the 
checkout of a stored program. With this sub-mode it is possible to 
traverse any portion of the program and then automatically stop after 


executing a specified instruction. 


Instruction stop sub-mode is-similar to the instruction sync sub-mode 
with the exception that the logic term K,]K jE )q) which provided the sync 
pulse in the instruction sync sub-mode is now used to force the compu- 


ter into stop phase by setting E, lowat Pj. The shortest length ot 
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CONTROL STATES: 


EFFECTIVE LOGIC: 


_F S7Yw 
e =E, P,P +E KK, PLP, Ss 
e._=S 
Sw 
e,=E,K, K,(K,PO+P,) 
= f=E, 
e,=E PEP, 
te = J=E., 
en,=K, K,K,P, +E, _ 
g=E 
7 } 
TIMING: 
P 


PHASE: SP SP oF WB SP SP SP 


Figure 7-9. Test Mode, Accumulator Fill Sub-mode 


CONTROL STATES: 


E. K, K, Po 
SET SCANNER 


INTERNAL STOP 


EFFECTIVE LOGIC: 


eet P. Pose, Ki Ko PoP, eo=S,, 
@, =E,K (Eg 1g +E, Ip)+E, K, K(K, PtP.) €, Sy 
epee Par. f=E, 
e,=K, K,K5P, j=E, 
IoaK, KAE, Q, 


Figure 7-10. Test Mode, Instruction Sync Sub-mode 


program which can be traversed in this sub-mode is two complete 
operations, unless an internal stop order occurs. The reason for this 
limitation (not important, in that a one step sub-mode is available) is 
that the coincidence detector is not set high until the first In phase 
after initiating this sub-mode operation. If the read-in instruction 
matches the instruction switches, the computer cannot stop until the 


following Ip phase. 


In the instruction stop sub-mode, the last instruction which will be | 
executed is the one defined by the instruction switches. For control 


states, effective logic, and timing diagram, see figure 7-ll. 
7-12, Fill Mode 


7-13, | Build Index (H1). In the build index sub-mode, a single index- 
ing (or sync) pulse is written on a 1600-bit (1-drum revolution) re- 
circulation register. The 1600-bit recirculation register is comprised 
of two multi-head recirculation tracks and associated read-write cir- 
cuitry of the computer memory. The logic connections are accomplished 


by the fill and test unit. 


Depressing the Step pushbutton will send E, and E, high and clear both 
recirculation tracks (A 9, In) and (Do, Ro) to all ''0's''. Upon releasing 
the Step pushbutton, FE, will be set low at the first A, pulse, and FE) 
being low will set E, low at the following pulse time. The state E\E, 
therefore occurs for only one pulse time and is used to gate the input 
logic to the ao write amplifier. This pulse will recirculate and appear 
at the output of the Ro read flip-flop at Pp) and at the output of Ap read 
flip-flop at P, every drum revolution. For control states, effective 


logic, and timing diagram, see figure 7-12. 


7-14. Tape Fill (HO). The tape fill sub-mode receives data from the 
tape reader, stores it ina flip-flop, and at write time (index pulse 
position) supplies this single bit of tape data to a write amplifier for 
storage ina main memory track. Each time a bit of tape data has been 
stored in the main memory, the index pulse is precessed to the next 


bit location. This cycle is repeated 1600 times, after which the drum 
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CONTROL STATES: é 


ED Ky K, Po 
SET SCANNER 


INSTRUCTION STOP 


EFFECTIVE LOGIC: 


bore BO eas 2 eB sw 

SHE, K, (Estes) +E, K, Ko(K Py +Py) eas 

e,=E, P,P, {= 

e,=K, Ky KP) +K, KE, P, - aay, 
TIMING: 


Figure 7-11, Test Mode, Instruction Stop Sub-mode 


CONTROL STATES: 


EY 
WAIT INDEX 


EY E, 
WRITE INDEX CLEAR INDEX 


EFFECTIVE LOGIC: 


e,=E, Y 1=E, E. 
e, =E, Ro tHE, E, of 89 3 2 
e,=7 RE, e,=E, \ M =o E5E 
e,=E, 2.26, es 
TIMING: 
Po Po Po Po Poa 
Ro 


Figure 7-12. Fill Mode, Build Index Sub-mode 


track is completely filled. The index pulse returns to its initial 


position during the final cycle. 


In the build index sub-mode, an index pulse is entered on the drum which 
is available at Ro at Po time. This index digit is also available at Ag at 
P) of the word following the Rp index pulse. Because of a 2-bit delay 

(one-bit delay in the M,, write amplifier and one bit delay in the Moy 
read flip-flop) it is necessary to record P,, tape data two bits earlier 


(at P,) so that the information is available from the M,.,, read flip-flop 


VY 
at P54, computer time. Ap satisfies this requirement, since the index 
pulse is available at Pi time to gate the tape data being held in the Ey 


data flip-flop to the M.; write amplifier. 


It is standard practice to fill the S., track first in order to accomplish 
pulse and sector syncronization. “When the So, track has been recorded, 
it must be checked visually. Thereafter the A Sync switches will de- 
termine the location of the first word to be filled from either the tape 
fill or word fill sub-mode. For control states, effective logic, and 


timing diagram, see figure 7-13. 


7-15. Check (H2). The check sub-mode automatically verifies the 
main memory contents against the corresponding tape data. Here, as 
in the tape-fill sub-mode, the index pulse identifies the main memory 
bit location. The check cycle for a single bit stores the tape data ina 
flip-flop and at the index pulse position compares this bit of tape data 
with the corresponding bit of data as read from the main memory via 
the main memory read amplifier, May: If the comparison is correct, 
the index pulse is advanced one bit, to await the next tape bit to be 
verified; the cycle is then repeated. However, if the main memory 
data does not correspond to the tape data, the discrepancy is sensed by 
the error detection circuits. The error detection circuits cause the 
tape reader to stop and cause the error indicating light on the tape 


reader to light. 


The index pulse is available from the output of Rg read flip-flop at Po. 


It is necessary for the check index pulse to be available at Po so that 
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CONTROL STATES: 


| E, E., 
CLEAR INDEX 


EY ES 
WRITE. INDEX 


EFFECTIVE LOGIC: 


e, =E,P, e,=E, 
e,=PLA. 1=EE£, 
e,=E, f=E, E. 


TIMING: 


Figure 7-13, Fill Mode, Tape Fill Sub-mode 


P24 tape data can be compared to P74 drum data, which has a bit 


delay through M,, at Pj, computer time. 


y 
Data flip-flop E, is time-shared in this mode for tape data hold and 
error checking. The check logic on E3 is such that if the tape data 
(E3) and the stored data (Moy) are equal, BE, will be low during control 


oy! are not 


equal, E, will be high during control state E,E>. If the latter situation 


state E,E>. If the tape data (E3) and the stored data (M 


occurs, the error relay will be energized, the tape reader will stop, 
and the error light on the reader will be lit. Depressing the Step push- 
button in this sub-mode will reset the error relay and at the same time 
advance the index pulse one bit. For .control states, effective logic, 


and timing diagram, see figure 7-14. 


7-16, Word Fill (H3). The word fill sub-mode fills a single sore in 
the main memory. There is no limit to the number of words which can 
be filled with this scheme; however, the words which are filled must 
be checked visually. Set-up and actual filling process is identical with 
tape fill, except that the data to be recorded in the main memory is 
taken from the instruction switches in the fill and test unit rather than 


ied 


from the tape reader. 


The operation of word fill is similar to tape fill in that data to be re- 
corded must be gated into the M,; write amplifier two bits earlier 
than the desired location of the data read back by oe In this sub- 
mode, the data flip-flop obtains its information from the instruction 
switches sequentially at each Rg pulse, Here, as in tape fill, the Ag 
index pulse satisfies the aforementioned conditions and is used to gate 


the Mo-+ write amplifier. 


Initially, E, and E, are low. The A Sync switches are set to the word 
prior to the one to be filled and an index pulse is built. Again, as in 
tape fill, the sub-mode switch must be in H) to accomplish this. When 
the sub-mode switch is returned to the H, position, the index pulse on 
Ro will occur at Pp time, but FE, and Ei, will remain low. To set Ey 
high at Pp either y or Pp, must be high. When the Step pushbutton is 
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CONTROL STATES. 


WAIT INDEX 


EE 
} "2 | EE. 


CLEAR INDEX 
AND: CHECK 


CLEAR INDEX 


EFFECTIVE LOGIC. 


l 2 3 172 oy B 
€,=E,R, fee E., 
e551 Roby L=E ve, 
e, =E, e,=E Ee, 


TIMING: 


CHECK BIT 


ERROR 


NO ERROR 


Figure 7-14, Fill Mode, Check Sub-mode 


CONTROL STATES: 


ue 


WAIT INDEX 


E E, 
| WAIT INDEX 


EFFECTIVE LOGIC: 


e,=E,P, e,=E£, RoS 
e@,=E,R, @,=E, £, 

e=P, RoE, age 

e,=E, I=E, E, 
TIMING: 


Ei 
WRITE INDEX 


EY ES 
CLEAR INDEX 


depressed, the index pulse will precess one bit every two drum revo- 
lutions until the Ro index pulse occurs at Py. When this occurs, no 
new information will be recorded and the control flip-flops will remain 
in the E,E, state. Another Step signal P,) from the Step pushbutton is 
required for each additional word to be filled. For control states, 


effective logic, and timing diagram, see figure 7-15. 
7-17. FILL AND TEST LOGIC 


e) = E, (E7P3q7 + E2K)K2Ppa7H;y + HA.) + EfE2 (Y¥ + Pp + RYPoH3) 
ey he | Ky1,E3 + K)ILE3 + K)K> (K3q7 + ag) + E, (EpR Hp tA,H) Pp) 


é5 = Ey [| K K2ag (K3 + EyHs + Hy) +AgHy + E\H, | + EE, 
Sao gy LE, (A+ ROSH) + E\E,M,,Hp| 
e, = ES, + E, JEiE2 (eM os Ppl | 
ey sy 
eg = STS. +5 TS, 
sos ame 
ene Or ot Stok 
Sw = Og lats t ey Tgts t eyTgts + ep tats + 5,99 + 52497 
ae) a EHpA FE, 3 
Gas cue 
B. - Eedg 


J=E,E, 
J=E, +E, 
G= FE, +H, 
G=EjH, 


7-18. LOGIC EQUATIONS DEFINING TEST AND 
FILL CONTROL OF COMPUTER 


oo ts lO, 
6, = 10> 
O5.'> LO, 
O5 = 1O, ; 
02 = LE, 
03 = LE, 


a, = GA, (Normal Compute Logic) + GE, 
ay = GA | (Normal Compute Logic) + GE, 


ay = EF 

as = E,L Note: E; must be high for normal operation. 
do - He) 6 - 

d. = Eyl. 

ig = Ep hs t+ Eel (K,) + K3) 

XQ 7 ELF Note: E,must be high for normal operation. 


a = E,L Note: E. must be high for normal operation. 


Yo" EF 
Se EL 
ox = HE; 


LED. OPERATING PROCEDURES 


The following step-by-step procedures stipulate the equipment and 
method used to enter a program, a word, or words in the computer 
and verify that the information entered on the memory drum is correct, 


assuming that Sot has been programmed, 
20, Equipment Necessary 


a. Fill and test unit. 
b. Tape reader. 
c. Oscilloscope (Tektronix Type 551), 


d. Two type 54C plug-in preamplifiers. 
7-21, Test Preparation 


a. Set Power switch on tape reader at OFF. 

b. Connect power cable from JT10 to 115V AC, 400-cycle, three- 
phase source. 

c. Connect interconnection cable L542001517 from J11 on tape 
reader to J11T on fill and test unit. | 

d. Set Power switch on fill and test unit at OFF. 

e. Connect power cable L542001514 to 115V AC, 400-cycle, three- | 
phase source 

f. Connect cables L542001508, L542001510, L542001509, and 


L542001511 between computer and fill and test unit. 


g. Start computer. 


1-22, Tape Fill Procedure 


a. Thread program tape through reader and adjust tape so that 


first hole on the eighth channel is directly above sensing fingers. 
NOTE 


Tape ends are labeled "Start" and "Finish". 
Be sure "Start" end is threaded. 


b. Remove preamplifier package located on computer housing. 
(For drum tracks 0 through 15, remove preamplifier package number 
1. For drum tracks 16 through 31, remove preamplifier package 


number 2. ) 


c. Connect fill adapter to location in step b from which preamplifier 


package was removed. 
d. Set the Mode switch at FILL. 
e. Set Sub Mode switch at Hl. 
f. Set A Sync switches at sector 63 (56 plus 7). 
g. Set BSync switches at sector 63 (56 plus 7), 
h. Connect oscilloscope vertical input probe to jack AS: 
i. Connect saciiescose external sync probe to jack B,. 
j. Set Power switch on tape ended at ON. 


k, Set Channel Selector switch on tape reader to desired tape 


channel. 


1. Connect coaxial cable WwW, from fill and test unit to desired 


drum track indicated on fill adapter. 
m. Depress Step pushbutton on fill and test unit. 
n. Observe that a pulse appears at P, time on Ay at word 63% 
o. Set Sub Mode switch at HO. 


p. Depress Start pushbutton on tape reader. Tape will continue to 


step for approximately four minutes and will automatically stop. 


q. When the tape has stopped, observe that a pulse is present at 
P, on Ao at word 63. 


r. Perform the following check procedure. 
7-23, Tape Check Procedure 


a. Remove coaxial cable W,; from the fill adapter. 
b. Connect adapter cable to Moy test jack on fill adapter. 


c. Rewind tape to initial position as specified in step a of paragraph 


d. Set Sub Mode switch at H2. 
e. Set Mode switch at TEST. 


f. Ifthe drum track just filled was inthe 0 through 15 category, 
set Ts switches at 0 (0 plus 0). If the drum track just filled was in 
the 16 through 31 category, set Ts switches at 31 (7 plus 24). 


g. Depress Step pushbutton. 
h. Set Sub Mode switch at Hl. 
i. Set Mode switch at FILL. 
j.- Depress Step pushbutton. 


k. Connect oscilloscope vertical input probe to jack Ro: Observe 


that a pulse is present at ie time of word 63. 
1. Set Sub Mode switch at H2. 


m. Depress Start pushbutton on tape reader. The tape will continue 
to step for approximately four minutes if no error is detected. If an 
error is detected, the error lamp will light and the tape will halt. 


Repeat fill procedure if an error is detected, 


n. When the tape is automatically stopped without error detection, 


observe thata pulse appears at P, on R, at word 63, 


o. Repeat the fill and check procedures for each desired drum 


track until the program is completed. 


7-24. Word Fill Procedure 


NOTE 

The word fill sub-mode is used to fill any 

single word in the main memory and is in- 

dependent of the tape reader. The words 

which are filled must be checked visually. 
a. Prepare fill and test unit as in paragraph 7-21. 
b. Set A Sync switches to one word prior to word being filled. 
c. Set B Sync switches to one word prior to word being filled. 
d. Depress Step pushbutton. 
e. Observe that a pulse appears at P; time on Ao. 
f. Set BSync switches to word baie stored. 
g. Set word instruction switches for appropriate information. 
h. Set Sub Mode switch rete 
i. Depress Step pushbutton. 
j. Observe oscilloscope. A '"l'! should be present at Py time on Ag: 
k. Set Sub Mode switch at Hl. 


1. Repeat steps b through k for additional words to be filled. 


m. Perform the following check procedure. 
fe oie me Word Fill Check Procedure 


a. Remove coaxial cable from the fill adapter. 
b. Connect adapter cable to M,, Jackon fill adapter. 


c. Set Sub Mode switch at H2. 


d. Set Mode switch at TEST. 


e. Connect adapter end of cable to adapter jack of drum track to be 


checked. 


f. If the drum track's word just filled was in the 0 through 15 
category, set Ts switches at 0 (0 and 0), If the drum track's word just 
filled was in the l6through 31 category, set Tg switches at 31 (7 plus 24), 
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Connect oscilloscope to M.., jack on fill and test unit. 


oy 
Set B Sync switches at word being checked. 
Depress Step pushbutton. 


Observe oscilloscope for correct programmed word. 


Repeat steps a through j for additional words to be checked, 


7-26. DEFINITION OF SYMBOLS 
Mg = Fill andtest Wa entry control, normally low 
E, = Time-shared control and coincidence flip-flop 
Ey = Control flip-flop 
E, = Time-shared data hold and error detecting flip-flop 
F = Fill andtest WB or Waentry control, normally low 
G = Fill and test accumulator control, normally high 
G = Fill and test accumulator control, normally low 
J = Fill and test compute control, normally high 
J = Fill and test stop control, normally low 
L = Fill and test instruction fill control, normally low 
L = Fill and test instruction fill control, normally high 
E, = Fill mode indicator, normally low 
Ey = Test mode indicator, normally high 
a) = Serial adder flip-flop, logic input 
ag = Accumulator write amplifier, logic input 
Ep = Error relay driver output 
A = The '"'l's'' tape data logic signal 
Y = The read tape signal from reader 
y= The wait tape signal from reader 
a ae Logic ee from Step pushbutton 


tt 


i 


i 


i 
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The composite instruction switches logic 


Logic signals from the Sub Mode switch, defining singular or a 


multiple of sub-modes 


Switch drive signals defining the states of ats T 5, T 3, and Ty 


= Logic input to the fill write amplifier 


Output of the fill write amplifier 
A P) sync pulse occurring in the A Sync switch selected word 
A P, sync pulse occurring in the B Sync switch selected word 


A P, sync pulse occurring during the In phase immediately 
following an operation wherein the contents of the instruction 


register are identical to the reading of the instruction switches © 
Comparator flip-flop for Ag 

Lopic input to the error: relay driver 

Logic input to the fill and test stop relay driver 
Comparator flip-flop for eye 

Fig. ae id 


iH ae ee 
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H ces ee 


0 3 


Hy re 

A, H, 

Data word switch bits occurring during oa T. 
Data word switch bits occurring during Ts cy 
Data word switch bits occurring during T, T, 
Data word switch bits occurring during T, Ty 


Ag sync switch bits 


Bo sync switch bits 
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Section VIII 
TAPE READER 


8-1. DESCRIPTION © 


The motorized tape reader is a self-contained unit used to read infor- 
mation from pre-punched paper or mylar tape (see figure 8-1). The 

reader has the capacity for handling tapes containing as many as eight 
channels. The reader is used in conjunction with the fill and test unit 


for entering program information on the memory drum of the computer. 


The dimensions of the tape reader are 20-1/2 X13 X11] in. and the unit 
occupies 1.7 cu ft of space. The weight of the tape reader is 29 lbs, 
which includes the 15-lb cabinet. Power requirements are 75 watts, 


208V, 40 cycles, 3 phase, Y-connected. 
8-2, THEORY OF OPERATION 
8-3, General 


The tape reader is a pin-sensing device which senses one tape charac- 
ter every 125 milliseconds. The sensing pins, which are under light 
Spring tension and are designated sequentially as 1 through 8, are cam- 
driven into engagement with the tape while the tape is intermittently 
stopped. Ifa hole exists over a pin, the pin moves through the tape 

to a raised position, allowing an associated contact assembly to operate. 
If there is no hole over the pin, movement of the pin is blocked by the 
tape, and the associated contact assembly cannot operate. The tape 

is advanced one step each cycle by a pinwheel which is automatically 
stepped immediately after the reading pins have been withdrawn from 


the tape. 


REFERENCE DRAWINGS. 
A. TAPE READER ELECTRICAL SCHEMATIC DRAWING NOL 200 O03 151 
B. TAPE READER INTERNAL WIRING DIAGRAM DRAWING NO. 200 000 O74. 
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Figure S21, Tape Reader Control Panel 
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Tape channels 1, 2, 3, 5, 6, nag are information channels. Channels 
4 and 8 are control channels. A perforation in an information channel 
signifies a true condition (equivalent to a ''l'' in the computer); absence 
of a perforation signifies a false condition (equivalent to a ''0'' in the 
computer). Control channels 4 or 8 must contain a perforation to per- 
mit the tape reader to continue stepping; a character lacking perfora-_ 
tions in both channels 4 and 8 will de-energize the clutch and stop the 


tape. 


A perforation in channel 8 also performs a second function through 
another set of contacts which informs the fill and test equipment that 
information is being sent. Transmission of information is signified by 
a high Y signal (perforation in channel 8); non-transmission of informa- 
tion is signified by a high y signal (no perforation in channel 8). When 
yis high, the fill and test unit accepts A information and allows pre- 
cession of the index pulse. Wheny is high no information is sent and 


there is no precession of the index pulse. 


Sprocket holes between channels 5 and 6 are used to drive the tape 
from one character to the next. Tape advance is accomplished by the 
engagement of a clutch to a continuously-operating motor, Bl. Since 
there are 1600 bit positions on each track on the computer drum, tape 
must advance 1600 characters for each channel of data plus the number 
of channel 4 tape-advance holes. The time required to fill one track is 


approximately four minutes. 
8-4, Start 


When the Power On-Off switch is set in the ON position, three-phase 
power is applied to motor Bl and phase A power is applied to rectifier 
D1 and filtering circuits to produce +100V DC output, as shown in 
figure 8-2. Motor Bl drives a gear train and slip clutch which drives 
the take-up spool. When the Start pushbutton is depressed, 100V AC 
power is applied to coils of relay K2 and the clutch magnet via closed 
interlock contact 9, normally closed contacts of relay Kl, normally 


closed contact of Stop switch 53, and normally open contacts of Start 


8-3 


\ 
Switch S84. Relay Ké2Z and the clutch magnet are held in their energized 
states through K2 contacts 3 and 5. With the energizing of the clutch 


magnet, the motor shaft engages the camshaft to start a reading cycle. 
8-5. Reading Cycle 


‘Contacts. 1,. 2.3, 5, 6) and 7 are controlled by sensing pins which 
sense correspondingly-numbered tape channels for perforations. By 
the position of the channel selector switch, and in accordance with the 
tape identification, one channel is selected to pass information to the 
fill and test unit. The information signal is designated as \}. When 

a perforation exists in the selected tape channel, its associated contact 
makes, during the reader cycle, to produce a high (+35V DC) X signal 
which is equivalent toa "Il". If no perforation exists, the associated 
contact remains open; thus, represents an open circuit condition or 


Os" to the“cOm puter: 


Camshaft control contact 10 makes and breaks during each reading 
cycle. During the portion of the reading cycle in which the sensing 
pins are raised, contact 10 closes to apply +100V DC power via nor- 
mally closed contacts 8 and 4 to the coil of relay K2 (pin 8). Since 
+100V DC is applied to pin 4 of relay Kz, K2 will be de-energized, as 
will the clutch magnet, and the reader will stop. A perforation in 
either channel 4 or 8 will prevent this path, thus ensuring an additional 


reader cycle. 


When /Y is high, the fill-test unit accepts A information. When y is 
high, the fill and test unit ignores) . | 


8-6. Stop 


The tape reader will stop when there is no perforation of channels 4 
or 8 ina particular tape character. The reader will also stop when 
the Stop pushbutton is depressed or when the reader receives a ground 


level Ep signal from the fill and test unit which will energize relay Kl 


to light lamp Ip and remove +100V DC power from relay Ké2 and the clutch 


magnet. 
8-7. Check 


The reader, in conjunction with the fill and test unit, is equipped with a 
check mode. After the tape has been run, itis disengaged from the 
threaded locations, rewound by use of the handcrank, threaded, and run 
again. (If an error is detected, the error light is energized and the 
reader stops stepping.) The time required to check one track is approx- 


imately four minutes. 
8-8. Controls 


The Channel Select switch on the front of the reader is used to select 
the channel to be read from atape (see figure 8-l). The Power On- 
Off switch is the master power switch for the tape reader. The Start 
pushbutton starts the reader stepping. The Stop pushbutton stops the 


reader. There are three front-mounted 3/4-amp fuses. 
8-9. Operation 


a. Set power switch at OFF. 


b. Connect power cable from JT10 toa 115V AC, 400-cycle, 3 phase 


source. 
c. Connect interconnection cable from JT11 to fill and test unit. 


d. Thread tape through reader guides and secure the free end to the 
spool located on the right when facing the reader. Position the tape so 
that the first hole on the eighth channel is aligned with the sensing pins. 


Close Interlock switch. 
NOTE 


Tape ends are labeled "Start" and "Finish". 
Be sure tape is threaded from "Start"end. 


e. Set Channel Select switch and turn power on, 


f. To stop, turn off power or press Stop pushbutton. 
8-10. MAINTENANCE 


Keep the reader clean; however, do not disassemble the equipment 


merely to cleanit. Troubleshoot using figures 8-2 and 8-3. 
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1, INTERPRET ABBREVIATIONS PER MiL-STD-1t2. 
e. INTERPRET ELECTRICAL AND ELECTRONIC SYMBOLS PER MIL-STD-IS. 
3 INTERPRET ELECTRICAL AND ELECTRONIC REFERENCE DESIGNATIONS PER MIL-STD-1l6. 
4. REFERENCE DRAWINGS: . 
A. TAPE READER INTERNAL WIRING DIAGRAM L200 003 074. 
B. BOARD COMPONENT ASSEMBLY L536 OO| 527. 
C. TAPE READER ASSEMBLY L200 90032 094. 
D TAPE READER ALTERATION L200 CO3 O83 
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Figure 8-2. Tape Reader, Schematic Diagram 
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Figure 8-3. Tape Reader, Wiring Diagram 


Section IX 
CARD CHECKER 


9-1, DESCRIPTION 


During troubleshooting and maintenance, the card checker is used with 
standard test equipment, including an oscilloscope for monitoring pur- 
poses, to provide the required controls and signals for either nominal 


or marginal checks of each of the component cards. See figure 9-1. 


The cards are placed on the front panel connectors of the checker. 

Cards 10, 13, 14, 18, 20, and 21 use connector 2; all other small cards 
use connector 1, Placement’ of the cards on the front panel provides 
easy access to both sides of the cards for checking of components, in- 


puts, and outputs, which are not available through the connector. 


All connector pins are available at test points for monitoring and for 
applying input signals not available through the card checker switches. 
The switches control inputs to all connector pins except pins 1 through 
7 on connector 1. These pins are the voltage inputs to the circuit 
cards and are the same for all sands except cards 10, 13, 18, 20, and 
21 which require their power inputs to be jumpered through test points. 
Along with the test points to the connector, additional test points are 
available to supply signals and test circuits which are used for specific 


circuit tests. See figures 9-2 through 9-5 for circuit diagrams. 
9-2. THEORY OF OPERATION 


The following paragraphs discuss the method by which each type of 
circuit card is tested by the card checker. All circuit checks can be 
performed with nominal or marginal values in voltage levels and 


frequency. 


9-3, Logic Gates 


The card checker provides signals for checking logic gates in static or 
dynamic modes. These signals are provided by switches which control 
the inputs to each logic element. The setting of the switches are de- 


termined by the logic gate to be checked. 
9-4, Flip-flops 


The signals for checking a flip-flop are the clock, pull-ups (power to 
trigger the flip-flop), and a capacitance load. The logic input to the 
flip-flop is removed and the pull-ups installed. This provides a trigger 
needed by the flip-flop to operate at clock frequency. The capacitance 
load is placed at the output of the flip-flop to check the output waveform 
with a consistant load. Using these connections, the operator can keep 
the flip-flop in proper operating condition and can troubleshoot the 


circuit with. no great difficulty. 
9-5. Emitter Followers 


The tests for the emitter followers are the same as the tests for the 


logic gates. 
9-6. Read Flip-Flops 


The signals for checking a read flip-flop are the clock, a sine wave in 
phase with the clock, anda sine wave 180 degrees out of phase with the 
clock. Added controls of gain and phase shift are provided to obtain 
marginal conditions of input signals to the read flip-flop. The output 
of the read flip-flop for a 0 degree sine wave input is a DC level of 
approximately +35V onthe set output and a DC voltage of approximately 
+9V on the reset output. The output of the read flip-flop for a 180 
degree sine wave input is a DC level of approximately +9V on the set 


output anda DC level of approximately +35V on the reset output. 
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Figure 9-1. Card Checker Control Panel 


Det Write Amplifiers 


In checking a write amplifier, the card checker provides a clock, a 
flip-flop for an input signal, anda write head as aload. The flip-flop 
input and the write head load are available at test points to jumper into 


the write amplifier and to monitor the input and output signals. 
aor Clock Generators 


The clock generator input signal from the card checker is a 160 KC + 
l6 KC sine wave. Both the input and output signals are monitored 


through test points. 
257s Head Selection Cards 


The head selection cards contain logic gates and may be tested in the 
same manner as the logic gates are tested. Simulation of head input 
may be made with a’'sine wave oscillator. The output may be selected 


by imposing the required logic conditions on the desired gate. 
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Appendix A 
WIRING TABLES 


The following tables contain wiring information pertaining to the com- 
puter's external connectors (4J1, 4J2, 4J3, and 4J4) and the connectors 


within the memory (P21, P23, P25, and P26). 


CONNECTOR 4J1 


Pin Signal Pin Signal 
A 115 Volts 400 cps T, Z, R, 
B Spare - Do Not Use a a 
C 115 Volts - 400 cps T, b Fa 
D 115 Volts - 400 cps qT. C +tAV 
iE Spare - Do Not Use d -AV 
EF Power Gnd. (Neutral) e Fg 
G Spare f F4 
H Spare g At, (1.3 kc) 
J  +60V DC h +60 1/O 
K +435V DC i too. 170 
ii Ky j +23 I/O 
M kK, k +20 1/0 
NK; m -201/O 
P Ke n Sy 
R F'9 p Sy 
S +20V DG q 55 
T R, ro 55 
U +23V DC S S. 
V Spare t S4 
Wy 1 SoeEe Do Not Use = PA 
Xx Spare 7 V Yo2 
4 Spare Ww W> 


CONNECTOR 4J1 (Cont. ) 


‘Pin Signal Pin | Signal 
x W, CC Computer Clock (T) 
y Po, DD -8V DC 
. si EE -20V DC 
AA oF eae Po 
a ” GG +35 Volts W/A 
ae 26 jsice Computer Gnd. 


CONNECTOR 4J2 


Pin Signal Pin Signal 
A Bo a By* 
B B, b B,* 
C B, CG Bio’ 
D B, d Bi. 
1 B, e B, > 
F B,. f eee 
G By g Bag” 
a ae : moe 
J Be i Ww, 
K Bg j W 3 
ake . we 
M Bai m Wy, 
N iO a Ws 
= eee P WG 
R Bi4 q -AV 
S Bo* i TLV 
58 By* At, 
U B,* t A, 
V B,* u Ky 
W B,* Vv Ke 
xX B,* Ww Yo] 
Be By* x Yo2 
Z, BW* y Ww, 


CONNECTOR 432 (Cont. ) 
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Pin ° 


Signal 


Pin 


R 
tAV 
- AV 


EE 
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GG 
HH 
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AN | on 
E Mo be ae 
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CONNECTOR 4J3 
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CONNECTOR 433 (Cont. ) 
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CONNECTOR P23 
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CONNECTOR P25 


Pin 


Dy A 2 On SS 


31 
16 

Hig 
-8 V Hd* 
Shield GND 


CONNECTOR P25 (Cont. ) 


Pin Signal Pain 
S AT V 
a Ag W 
U Hy X 


CONNECTOR P26 


Pin Signal 
A a 
B ¢ 
eS do 
D d 
E Xo 
F X 
H Yo. 
e) ve 
K mM! 
L m,, 
M a_! 
O 
N a 
O 
Pp he. 
O 
R n 
O 
S m,,' 
T m.. 
U m, 
V mM, 
W -20 V Hd 
x Shield GND 


Signal 
Aig 
-8 V Hax 
Shield GND. 
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ADDITIONAL ILLUSTRATIONS 


(€£-620) & 5372 
, ba) 

-—— 1) 

(EE-62Q)LFNI 
™ 
a) 
EE-62G)ISAI 
Oo 

(E£-626)05HA9 


(££-627)6 be 


; tT; 
(€€-623 )ep0' 


LS-LOD 

recta ( Jlox> : 
Ws 

LS LP ENA? 

.- -— pe —- 
MLb& (EE 62L) Soa. 

b 
(EB E/ (€£ 62H) oba). 
> 


(€£-627)€¢a. 


(LS -& SL) vat o 


Woo. eee 


($¢- fe D)IbA9 


———>t+-—— in 
(SP -/P 0 )OPH? 


(FPSOTM & 


S¥-WI)EEX? 


N 


iW) 
\($h-ib 7 BEX 


OSEAN) 
os ee 
$0 bh orey (ER (FL? a 
St -ItH) SE MD - 

x 


(30 /PNWE A? 
wr 
WwW 
Shh) EEN) 
seat : +> 
Se -/b Zea)” 


1E Lb FUN EMO 
veo: 22 z 


x 
US LE4I6Y | 5 -Lp y O€ MD 


x 


VF LID'SZH? 


(£/-€')8 ZHI 
we 
a 
(21-€18 JizaxD 


(LEW) ISH I 


(L0-SIH)IZHO | 


¥ OS a) 
MAS ee SD 
META Y KLPE/L)OZAI 
mS 
(2/-€/*) 61" 22 
W OS a eee 
(- £2) 8/a2 
(1&0) 82 Be ee 
O'-LO)LIAD 
a. on 
Soe ie glee 
tod ~~ 
fa a BY-4 ‘é a os . ae 
—_- pI See 
(1-LIN) blad 
tt 


(7 LN) EHD 


(sg: /W) 620s 


(g-Mex7DS 


~ 
N 
‘9 
‘9 
Q 
aS 
Ni 
kx 
§ XS 
ene ee 
Ss . at LRA “YF ALU GS 
rs ~N S$ git “ 
n < ~ (¢ iso” 
WG VW) = 
> LD) 
g Uy een 
f = 
SESE OS TD PII g 
0 Og 1 3 
4 yo s (St) 6 4D 
e wu Q \y Wie fe 
Vara (F-/ D)-at? 
Ye Uy (S10)ee i 
Tr (S-/ GEM? © 
Se Tact MUG = 
7, 
g ef Jan? B 
S (1-¢h) ta 
> 


X 
z 
< Sanne gor 


olsen eer eer see ee 


nN ~ ™ a8, 9 
x pl [ES x pea PX IGIR 14 


98 - Ze MDE MAD 
(96-26 )EnH2 


(90 - 2b 7) EU? 


(85-PS Lies 
(BF-OSM OY? 
“ 


im 


(85 - 65h )P0I4? | 


i , 2S Bbx Co a 
uw 

(25-86 790d 
sw 

ee 
(9-2bW)82H| (25-86 W) FOS? 
—pp— 

(25- BEN OO A) 


Se 
(95-ZbW)E OAD 


i 
(275-8 bL)2014) 
wy 


AVeoO 


WSL 
” 


(e5-@bH)L2¥| (25-86 A)/0142_ 
Bet I< 
(25-867) 00142 


(oF O9L)66 WI 

me S 

ae al 

i2o. 7 Is} 

oF 091)L6HYI~— 

(99-O9F 9FM4 gy ge 
P2098) 76 a 

> 

(69-096) $642 


Ped 
(69-09 D)bEH)I 


eee er +> eae : ea 
(25 -PFMIECH? 


get 
(95-2SHZEMI 
Bs-esv)scuy gy 
(95-95 3/1699 


mma 
™ 


ine) 
a oe 2 oy 
O 


(85 BSD 06H IE. 


Sige, = 
(85 25 P/EGH? 


y 

, Nee (0b6-9€ L)88HI 

(Ob- VEN) b2A pa 
(OP-9EW) LB AD 


(bE- OF eee 


(bE-Of& W)F 842 -— 
oo, 


ba) 
woe a ! x 
ve- 064) $89 


pee Ss. 
4 28 (GE. OF M)EBYP 


(oe crwecel yy oP 
(be Of £)2784) 


(re ofc /)22H 


° 
(b €-0£ 7)08Y2 < 


——pr --- & 


(F7# L67.64F5,6 
‘on 290 )6LH 0 


(om 98 _7)éleJ s 
Sy 
(06-9E)9L2) 


1x 
(06 xe p)SLAI— 


Se a 
eg zal gh 
(96-2) ELYO 


pe 69 )2LyD 
‘p6-O€ DIOZH : : iO 


(9E-OEC' 1LaD 


WIS 


(O- 95 T)OLAO 


(FE WEI (Oe - 9E D)694 


wh 
rou 
(Ob-9€ F)eoy? 


(25 SHLD )LIM) 


aA < 
(25 ar b)8la¥| (25-9¢9)99AD 
Snes ee 
(25 B&O )S 9A? 
Ss ais 7 t 
ia (9b -2b 2) 6979 


(96 6G /LiAl gy 
(9 - 200) € 9a? 


» 


CONN > 


-0; 


VHS PIO IG FD 


| (6€-$€q Josia2 

‘oe 

(6€-SEF)L OY See neesiee 
(OF SEY 6b YD 


wel 
Ww Og 


(& €-$6)) lA? 


(se-ce7) bby 
W2Z 
- A~raane- © 


(wz-CL Eby 


(bo -02 W/)2by - 


(LI-G A) $1149 


1e) 
(2/-8.7 wie? 


WO22 wp 


2 
(N-LS2)iea 


LAS ? 


(62-022 )0tey# 


(8) 


+ 
pee 1 
(45 -€SN E1242 


———Pt—— 
(26-ES W224) 


La) 
x 
(1S LOL WZAI 


(N-LLA) LEX 
ae. OF 
i (-282)76m 
Senne a ee al 
(($ LOW) LHI 


inaaalpp in CS 19g 


--——-- >t 
($2-02 7)bb1 42 
np 
(62: 027) €6/4) 


((S-£60 )802e 9 


Pa 
(b2-08 L/0P129 
~ 


aes oa leans od 
(+ 9°Z)EEIHD 
(2-9 82)SEX___ iy or 
Cr-PS2)BEIAI. 
a een 
(B/- 1 F)LE 129 
+ 
igs sean 


Stee 
(8/- FAT) SEL? 
pp — 
BIDE? — 

228 5 > ——— 
Wie OF MI)JEEIY? 

(6° e)PEr__ gy 
(97 wE)ZE MI 

ee 

28 (G/- Blin IEA? 

(Bi O17 EEN Stes Geena 

(81: P/N) OEI MO 
Oo 

~~ wa 
(27-8 N)62/ao 


(9-2 7) $24 


rv} 
PE 10 
(9-2W ) e214) 


eee oes 
(92H )EM aD 


QD. Nw 
‘ 9 CD NE XH eo ee ce) 


(9-7 F)2e/4I 


(9-22)/z/a0 


(9: 2”)0FY 
(9-2 9024) 


Se x 
sisy 


—~ -2 ae 
t red) -aeare S <x 


> 


w 6E | 


~ — & 
Smee &} 


+6) 


| (7-6 92)6/4) 
¢ 
oa 

(FVEZ)BIN| (7-6L2)bEIHD 


WZ8 


ee 
(7-y S2)E6lx9 
w2e To 
EE 69 26 cond © 
Cg 
€2-6/2k941__py —— 
a Oe 
(W- 92 )O6 la? 
3 
ep) 
(7-H $268 172 _ 
mw Ze 
(EZ-E '‘N)B8/aD | 
: t 
(€2-6/£) 994 —pt—— A 
(€2-6/H)L91#) 
W : 
6 (£2-6/ 1) 981d - 
(ES-6/Q)S Io Pear See 4 ny 
1x2 
a4 28 =e 
A EP ESH)ZBIND 
(EF 657) 994 3 
(€9-6S-¥)/8/H4) 
—p— - 
(€9-650)081Y2 
M ZG 
(4 F-€ 5 26L1HI w 
og 


£5-€5e)EFN oy ed 


TT 


s.r = a? 
(¢9-65 + W)%IaD 


a 
HAAN (E7- E58 set. 
(E965 m)29 >i 1 
(€9-EF L)bLIxD 
iM 2S 


(WHLIELIMD 


(7: HF>) P94 > Ie 
(W-1 99) 2189 


Moe 


(7-#L9)HIMD 

: 3 
(7 9S 9)09HL__yy 5 
FI -& 99 octax? 


—pr—— o° 
ao (7S-P LEM + 


+ 
oe 


(7-7SV6SAL_ oy ix 
(7-7 F9)8914> 
Oo 

¥ 28 ede 
(N-LL9)L #49 
(N-LE%8SM res 


(N-£99)9 UHI 
nN No 
9s 


+@O 
35 


(22-899 WHI 


x 
GC 
(2¢ 87 F)¥54 (20-99) EHH? 


(B4-6£0)29144 D 


IGS 
(Bl-b£ FHM OD 


i , Oo 
F ' 
(BL - 9 SESH 26-9 9f BSIax? 


2- O9MW)ZS of (69-090) 55 1e 2 


%) 

ty 

TK 

Gua x 

TX 2 
x 288 
& oe 
N ) 


SIGNAL 


MIP w ne oa ud iF wie 


Figure B-l, 


NOTES: 


ALL DIOCES UNLESS NOTED ARE HO 662/ 


3 ASSEMBLY DWE NO L536 00/5// 


1. ALL RESISTORS UNLESS NOTED 
ARE C8zW-5%o 


be) 
& 


0+60 
of» 


(£5-6S¥)O9%HO 
Q 
oO 


L5-€5 VESAI 


(6£-SENJBSAI 


he 
6E-SEDLSYO 


(6&-S€1 95x72 


™ 
1 
(6E-SEH) Sid [(6E-SEN) S529 


~ 


10 
(6£-5EW)OS 


(€€-620) £5372 


Ww 


(EE-62)2LFHI 
™ 
re) 
(€£-629)1Se9 


oO 
(€£- 626 )OF5 AI 


oer ee 

r- -— 
WLbe [EE 62L) Soa... 
1S 

(ELBE) eo | (CE-62 AW) oba2 
D> 
(€£-6 27) €¢a) 


(£5 -€5L)&badto 


pelts > - 
aac (She) Ib? 


—— ~>t—— Ir 
(SP -l Pb /OBH? 


(FP -/PR MM! & 


Se-AI)EEX? 


N 


Wy 
($t-les eex? 


wh 
(SPP FLEAS 
W9S i, g 
Spy ore SO WL) IEMI 
é Is 
Se NW) SEANAD 
x 


(20 /IEN)WE AD 
Ww 

Sh -IbW) EEN) 
— ot 


St -lt 


16 Lt IEA) 
yoo |e? a 
i> 4 


US LEn)EY | slo 7,O0€AD 


x 


VE LIETLZHI 


Site At Gala 
(L1-€/s) e242 


(LV-SINJIZAOD | 


ws oa) 
apie. 2 
LE VL (LIES LPOZAI 
Se aes 
(4/-€/#) 61MIS 
vi) —>t ~ 
ekg LOND 
(694 nis”, 
OLB) L1a2 
a ee 
le yer “) Ma. 
ae > ~ Wy 
Se eee 
(U-LW) O14? 
~ pt i 


(17 LN) 6149 


rere 
(6 “a3 2 ayn 
M Lb | re 
Pte =D 
(§ tH) 5 aD 
Vis ae 
(GF -/ D) ea? 
(F 10/2 3 - 
) 
($-1 GE? 
SI VG 


LD 2a 
CM-L Lee v } za 9 


Gt-cr) iad z 


\O5- bv) 5 ZY nore = 


ted 


(6£-SC 9) LO2HI 


ie 
6L-5LI) 90ZHI 


MED 


<x 
~~) 
CLRLAMLE (66 - Sh L)S0IH 


(7-8 zEppozy) 


—ph— 15 


(7-4/9) £024) 


6L-$LW)ZOZHI) 


a 


% 


wes |(hL-967 08H) 


° 


q 


(6£-SL9)AAa (62 -§4 2)00Z49 


(££- 69/661) 


us 
MEd 


< 
(EL: EFT) EIM (EL -69F/LE1X) 


3 


+ 


(9S-PS Lia? 


a es 
(8S -bS¢) OA) 


2S Bbw ict a” 
’ ve 
(25-8b 7)90142 
“wy 

nme S 
(9-2bW)82Y| (25-9 tW) SOY? 
25- BEN OO AI 

——<$ Pr 

(96-2eW)E OAD 


¥eD 


(275-8 bL)Z01I"4) 
wy 

yy) 

(es-abH)L2¥| (25- Gb 1NOr42 
be x 
(25-867) 0014 I 


ASL 


(b9% 09L)66 WP 

—p-— S 

(69-094) 86 YI—~ 

ro) 

es eae AOE iD 

6% O91)L6HI~— 

(O9-OFF 92M ye 
( 49-099) 96 20 

cd 

(69-096) S64) 


~ 


<< 
(69-09 2)b6H 


ae — Se 


($9 -PFMEEHO 


ig 
(BS: oS HZEHI 
Ld 
(5-95 3//649~L 
els tee 
(85 BSD) OCH.) = 
~~ aa 
(85: 95 G)EBHI 


Ne : (0b -9€ L)88 2X0 
(OF-9EN Rea re 
(OP-9EW) LBA) 


(bE- OF UP 
(bE-Of W)9 BAD 
La) 

ix 


re- ob WJ bE BI. 


‘ >} --—— 
4 28 (F-OEM)EPYI 
(SE CFM)EZH yy oP 


(be -0F L)28H) 


a A s b&-0£ 1) 1849 
(se cec)zzx 


fe) 
(b €-0f 7)09H? < 


(74 40g €£ 920 
(96-240) CLH) 


(0% 9¢7)LLa4) Ss 
s 
(06-98 7)9£4) 9 


1x 
(06 9e¢)5LAI— 


MIS 
%b- 20) BLD 
(Webs) IZA L__ fy —__ nv 
(96-290) ELHC 
Mis 
(PE SEPILAD ., 
E-OE D/OZA - ro) 
(bE-OEL)(LYI 
WAS 
(O6-9¢7)0L 49 
“ 
(OP 9E W612 (er - 9E D)6922 
z oS 
(or-9E DIY > 
25 Bel. 
WRQo ( af ‘a 
$V x 
(25 Br b)BlY| (25-9¢7) 99D 
slo Reeseee. Se. 
(25-899) $9mN? 
We 


NAAN (98-262) 6 999 
(96 e6G/LIAl__ yn 
(9% -2eO)E Iw > 


< 
3 
+ NOM 
Qs HH 9 OR Tay ~ 3 mm, 9%, 9,¢ 6 “Six ix 9 
Q So AN rr. } ix wy WUD 
5 Pe EE RE ais OS he He et OT pee IS 


wv 


CNN > 


(64-69) 861y9 


(8F- OS N )POIA | 


eae w PISS TE 


(88-t8m)zi4 


CARD NOG 


+60 
70 BASE OF EF -fy 


Mer (2) Bb) ew? 


(t/- OMI e ny 
ed 


(9-2L)}L/2e7 


(€b -6/M) V2 at I 


~ Beats 
ks. 4 
tri Zi 
woZ or 
(6 €-5€¢ Josix2 
: X +) 
(6E-SEF)L OY pie 1S 
(6©€-SEy \EbIW? 
gle 
4 Og 
(6 ed rede 
(6E-SEW) SOY, S 
ok (6€ -FEO)Fb/ 42 
cs trp 
[ou + 


> we 
(2/-8 EAI oO (s2-cz7)obx 
_ ea Oo M22 
[20-8 y Owe Pk es ae 
(2-02 Eby 
no 
O ee Bs J 
(277-89 )LNAD SS 
22295 - oO 


w 6E 


(21-8 A)511 49 
iS WO22 » 
“ 


Me(eB 2) ela? (N-LS52)iea ~ 


ar ? 


(62-02 D)0b4 


R, 


(8) 
a 
rz 


(b2-O2 D)bEX CF 
As 
——+-—— 10% 
(45-€SN E1299 YO22 w 
Se 
; " (8/-F/ £) BEY Or 
——— Pt | 
(45- ES W)2/Zx9 
¥ SI 
try v— 1 
<x (N-LLe) LEM | 
(5 LOL MW289 = = WOl 


(N-£82)9E x 
i 
(15 Lew )vz%a2 


N 


ag aie © ne 
(1s-¢b 7)602m9 


r= 5 meaner 
(1$-£6¥ 802% 2 (92-02 2 )bbIxI 
lh ‘a 
(62 077) €b/49 


fr —— 
b2-02 H )obI 2 


-—pr---- 9 
( 4-9 22) 14) 


pits MY 
LT od 


(2-02 L/0b1H9 
» 


Wee. ek 
(+ 9°F)EEIAD 
(28 82)SEM gy ge 
CIF S2)BEIMI- 
eee cere eee 
BL b/F)LEIAD 
+ 


(81-6/ H)9ELYO 


0 +60 


(8/- FAD) SEI) 
a 
Fae as 
Bi VIBES? _ 
Sipe ih a 


(8/- #1) bE x 
(97- WE) ZEIMD 


—pt-—_-- — 
4 7S (Gi b/s IELHD ~ 


(8) o/7)e€a\|_ eee 


(8) PIN )OElMO 


oO 
Pt 
(27-8 HW )6 2x) 


’ 3 

(24-8 T)97/F0 _ 

Wee. ee { 
(9-2 7)S$ 21409 

OZM)ZENL ye 


| 
(9-2W Jez) 


W2e | - 
(2H )ELIaD 
(2-20 Ea yy WS 
(9-7 F)22/49 
Wee 


(9-22) /z1atD 
(9 2Y~)0EY roe 
(9-24 )0e/a 


Iisi= < 


+@O 


(Blt. Jf) 901d? 


HLL Fase 
Ie 


(PLOLLIIEM (Bf.06 L)Lb1 42 


CEC- OW) GIZ SD 


ie) 
Rs) 
a 
F-Y9Z)SE1HI 
yee ih eee 
t 
(FV EZ BIN) (7-LZ)bEINO 
t+ ue 
(F-W FZ)ECIAD 
aS a eed 
ES OV ROAD 
€2-6/ 2k 94 bi —— aS 


(59-65 m)29. pi Wee 
(€9-65 LC) pind 
a 
ed (Ww HLIELIND 
| (7 WF?) 194 pi Ww 
(W- 99) 2618) | 
Mee 


(W- 92 )OB la? 
~ 
fe) 

N 


28 
(F2-6 /H) 88/42 


+ 
—P— |r 
(62-6) L912 


(€2-6/£)998 


red (£2-6/7) bP) 


| ° 
(E2-6/D) 5 9M > » 


(€9- ESD) EBIYI 


3 
at 28 1>< 
A (EF 6SH)ZBIAD 
(E9657) 994 3 
(€9-6£-9)/814) 
p> - 


(e9- 650)081YD 
Ze 


£5-€ 50) € 9A 


(4 FES P)6LIHI 


— or 
(£9-65N)LtIHI 
——Pt-—- a? 


(69-65 W)% ID 


(E 9-65 7)5L1 24 


(7-¥L9) IMD 
(FS 9)09HL__yy > 
F-& 99 oeta3 

° 


a. 
nee (J-glae%ed 
(7-9 SU6SA arenes eaaee = 
(7-7 F9)891w2 


We a 
- (N-LL9}L WHI 
(N-LSNBSx ri 


+@O 


SIGNAL 


(N-£99/7 UHI 


3 


a 


a 
3 
N 

a § 


OO 
(22-87 7)9Sy (2-299) E989 


(84-6£0)29141D 


IG 
(Bl-bL 7PM D 


LOW MD 


- 


(ex. 


ies (26 89M J6s1a) 


iS) 


Vey 
(EL- SESH ( 24-8 9L BSI? 


(9D- ODH)ZS # (09-O9W) SS1x D 


% 

ky 

BR OA 

SX 

LX 2 
2 a8 
Xu oe 


~ ™ On ot” xt 
ee SPE EID ws 1S 2 Hy ioe 


SY OLF 


(88~-b8 O)SSa 


Logic, Card No. 1, Schematic Diagram 


Figure B=1, 


B-3 


alls 


— 


nm 


: 
(68 -SEojLiZeI*® : 9 : 
(11-£8) PE, SLICES 15-247) ahs ($2-02 0) eV¥? (9-27) 681¥H2 
Ie | : : 
RY 
(MU - LOVEE? 9 x 
es- SAW? . 
4 S oJ) (9¢ver/Lex? | Weg +2 PZI)EMHI (or-9§n)orew 
° - ‘ny 
(-$-/0)%E a2 CL6-EO IL PS o (P2-O2 y)Spy x WH 
(GA) ZS (25 -8F 5) poe? a ( t- 02 9)ZUAP Ov -9E Wd) FOZ) 
yy 
(FP Eg> i S 
| Voie JOE | | (25 arn) 2. ae iad ea era 
(F/O! < i . = i 
(F-/0) 1S ~~ ye pea ~ 
~ ; — f ( = 
(F-77)6 zas ee S} (ov-sey)coea 
COL Org id 
WE? (11 -£2) 827 > - iw (2-92 4) 65/7 (ae -9€L)9 S 
x ? 02x 
“ x a Se 
: e ° x 
COR SIONE CM Lea) (25-899) (V6, on yaziae (or- 0 £)851H7 
MZI | ° 
EZ -6/0) PCH? Zs- 
HEP ; } PHY 16. oy) Old) ° on 
“a 
E2-6/7) 68 (7. 9 + \3 ~ 
( fe | (EZ OF )SZ HD (99-087) 6642 y U ihe 
iS 
: 1m 
(0-10) 82 e- (€2-bIr L942 FR ms (9-759 5H/42 gays 
me ws . 28 WR 
ee my 9-492 RS (P-7S9)LFA = 
(#5959) LOD ii NEE NS 
“POW 2 eh oe 
i on, ° “ 
| ¢ 9-402) €O¥ » eS 
: (B-JU)EPY pg. y.2)ES1x2 (9°20) g9/y2 ns 
Ix 3 
95.7$0)96¥9 ; ce 
a rer ( o ( L-MSE)E5'99 (9-2N)C ja t sas 
= , 
\y St " 
EE-6G20)LA pee ~*~ m, 
ae ( ) (£ 690 Fe (95: F86) < ee/g¢ $5) 00% (£-NC2CPH, oe), MS ( Tacs) eeay 
9 gore MER < 
we 
> (£6627) 6! &2 xe eh PENS - / 3 a 
Y (25-9 hes (ov-9€ 205142 (LM $9) 95a = 
*) oc is WS9 2 | pe uyneMes 
‘) (EE - 62H) FOU EEEZI)8/ 95 he (OF-%¢ b) Ibe c les a 
N VEL gS MCS e (9%-% 8) 6o/¥ 9 3 < 
eae 
_ baer 
S (EL6 Bre ( 25-9900) 9270f05 go e) C629,0 ( 9-790) 0/2) e = 
Ne 
Q AN PRL (99-09) (627 ay g- S79) 0b eS 4 no 
N y % (82 F-LNB)LWIAD Of) OY I 
( Tes 
K Ine lg" sided ee 
9 Q (4-69 S/o 5) ob We x IK 
9 : ie (99-09) < (wE- «YSSe o€ Lacey us 
088 
mM —Ht— 1 be =~ 
rr re y (Ez- 69K) Se’ (E2-698 Jorray > (99-094) 527 (99-098) FO gS (8L-02 Y)66a/ \O 3 “ 
ly % \ " (3,-6.9) F 0/2 io 
. \ \ (6L-SLIJ EAI IS % ne 
< > ' o (€L-69L 99? (BF PEL) OBI) (96 Cr) FZ oP (6L- 82s)? 01 47 ne 26-093)608) — 
“Wt 8L-PLL)OE”, © : “ 
& QS (62-571) (6-52 Hn soils eg bt HL 0000: OO east WOO ue 
Soy iS et 
A N : (6L-SL O)OIHD §— ¢ £L-69) 9H) (6E-FEL)S98? (85-657) 9 04) (2-89 8) Zar oI 
~ i> 
YW \ Tt Tat aey x 3 en 
XY = wn s. \e! 
ay x (6. KES (6.528 )gy9 = ix > 
i (29-09L)VEH) No oy pel by? ZH LISD 
: 5) Yt oe * | 
aa | t v < Ie & w 
i. = (6 S97) 94> (99. 09H) EB at? pecs ZL-CIbILE oo Ganicaes (Ve-ceMesy Saas 
Lae | . = (9r-27s e 
: ' § 
K (6E-FEN ZH (6E-SEW)$ar> (3-099) ¢28 1S << 
) FEE (69-099) 2942 (VE-O8 y) EIB? 2 
z (€6-62L) Ww? . 3 
Tey (79-09M) / O42 f- CF BILLY . IE 
(EE -bENJESD - ~. fe Thal 
(86-62 FH? Yee (%9-997) ogy PE-HEA GUIS 7 70 177)/$61¥) — 
“ a oF iW 
(FE-E2N/)/eo IS AMAA ~ a N 
62 é { le 
(EE-6ER)/ 89 (99-O9N 27 by (99-090 5 (FE-OE 7) 9Exy ne (Y-z2¢p) zSu us 
(we-0¢ 7)56IYIXS (9 ceG/FY? 
: y 
S ER - 
y i [riofels w ST rINI® Wiw i RI®IAlSOTs m 1 Ow AS , " 
: SOS OHSS SRehhwshAshaBbawwAe $ Sy 
~ oN & mm Nm XO RQ 
S 8 en Yznriglt vk a SPA STL A P Or ne ek. eR, UK 
2 =x SE SV AP SHS iE TPIS g Gia PIG IT Fie OH AHS ko LW = 838 
X 2904 
XN 
5S 
wi 


N 


Logic, Card No. 


Figure B-2. 


Schematic Diagram 


o~ 
» 
= 
x 
~ 
x 
~~ 


» 
e 
(IF -297)9/2 a 
a 
a. | 
9F- 2ra) se INS 
6 ne 
eal 
SG 
My 
S3 
be eae 
Q 


(6€-SEL)G(ZHI 


qe 
(6 €-SEF)9/Z2? 


SD 
(6E-SEojLizeo*® 


» OO/ SIZ 


) ) 
S us 
($6-1¢ V)29HI S 
Ney oo iS MEE 
($b-169) 19222 2 Zee 2 SO 
e (11-67) G6 & os Ss BL (WEGT) SEX ' 
Nf e 
+ i") 
e UHL ok 
(S612) 0992 | WEA as i 
x 
“ * ye ] ay 
(fe-r7es. ee (nee) “x x 
Vv OES ere ae (F-FOO)CE HD 
(SPVFM OEY / cy. I> oO” = 
FF es) 85 a9 o (99-09) EE 
was (£1-E 11) FL o> "5 Y" : 
IO HS al 
( 74 KC < 
“ one (9-EGO) ZEHP 
(FPP N'9G 2 (L0-EN PEA? 
(SP-it7)$5u/> 9 
+ - 
Ir? (7-VZO)PEx (F- PIP) I Ee 
(SO 1ONJEIS (om. He bi) Dy? 
S 
~ 
1} ~ 
($-1W) eu 1Q 
wWLt 6 - 
W 3 (€9- $3) EZ sw? 
CFANJBCS — Crt eH )IS 4/9 + 
? Sie: 
| (£9-6$a, C27 
(W-H@ 2 0Ge? (§0-Erw IE ce? | 
> £97659: a 
(w-n, 267429 ( 57) 121) 
ed (£9-bSMEEY Ie 
(WHS 2) L127 (A-HIE)BOY NC (E97-6F4) G21H? 
— 
Werag (LF-ESI) OU) (£9 -65Q)0EIY? 
(7-09)LF ; x WZ8 = 
Q* z 
“ ’ ; ID ; Si, ae 
Ve ((LS-Ese'lee CVbsele7 2) 
PES | ts-€50 9m : 
~~ x 
x 165-859) £1 A? 
(7-052)9/& (7-voz/srH A WZ? 
“a 
(L5- EF) ne eee) 911¥2 
(15-LpL) 4"? 
Q 
(15 -coy)od) 
hy 
Saez (is-<m 7) EU? rs | 
aS ¥ Ze > 
Ke) <i 
(1S Moey ee) 
NS x 
1, $-L0H) tread 1Q_ 
(OH) OS es) 0818 
Q° 
(15-208) eS 
(41-1) eh = 
(161360 
(F-HLE WI Sash 
e (15-L¥C) pa 
(5 -1H) Elev ( $-/ 7/9 XD 
Ww 
9S 
HM=L2)GEH? ($L07) 2ore~? 2 
( MSL <3 
~ ¥ \) 
S (15-490) 62S Ny 
(11- £8) PEMD [(\$ L027) 9014 
1 : 
(> LOVEE? (L2F-89F) SAWP gah Ada 
° 
. } ~ 
W) 
(s-/ojztar | | CE Ee) x (25-884) bo2!> 
(GVA) ZY 
a. me 
(SVS) /EX> (L1-EtW ass eee S | 
f ZF PrhjEMe- 
Mae Lg -/V0EW? ili 
(F197 )6 Lx (25-9¢£) Zoe 
) BZ df) 1 Ss ic 
WE? (11-22, > 2 < 
iy : 101y? ww 
MZ 
Lt 
WE? (€2-6/0)PZH? 5B) RW 96. ov) 001s) 
ty aa’ 
(€7-677) 64 (£2-6/7)¢249> (€2-6/9 )89X)> (95-02) 6642 
: e727? : ae 
(40-€10) (€2-6IP )L9 x2 (06. bE4) oy 
(LEO 4 Leng ete ie 
( 85-F5f1) Léyo 
(£&- 620/222 
16) 
\ WFC) GED 
eee (65 no)? 
MW EF 


x 
ig 
(EE-OZU)LY (65.539) 594'5 


(FE: 627) 6! ¥? 


oe fs; op Os, 


8 
(05-50) <2 ps ys) 56> 


(25-49 )96% eS 


£ eg Sige 


—~ 
in 1S 
im 
me Ie 
VX 


x 
(LF-EFNOIZ SP 


(<5-ESy Eee? 


~~ 
ix 
(LS-EFN )27b bv? 


(2 5-ESTMIUZSI 


wn 
9 -9 9)78I¥D Nt) 
, la (2-2 vNEbI a2 
Y a) 
f v) 
(21-8 W)E BI? 
wy 
yW29 (81-71 2) 29 yw? 
SS 
(8-OV)SH, . e)1B130 | 
| ee 
t 
(21-8 2/08/49 . a) 
Wy 
1 S 
(2/-@a)6L/ 2/7 
Yep eee < 
ps he 
(2/89) 052 (21-9 F7)OL1x9 (9-2a)eey) ¥ 
Mw 


(9 -Za)Ll(yx (9-27) 1G14? 


Ny 
(9-27) 9412/2 
WEP 
. 
(D-2n)ore (V-2 7) 5/72 
% 
ly 


Wy 
(&- P/F )EL oP 


YES | 
(81-9 5)00Y (Bf-o/n)eUIH) 


IL} 8) en 
x 

xe) 
B-piy you! yl! © 
« 
ids 
(G.¢/ 16ND 


(87-9'£} 


~ 


Ww) 


(91-718 ) (ra Br-01 WN) OY 272 


(21-9 7)LWa) = 

™ 
10 
21-9 )9NI IIS 


& 


(21-04) 998 2. 9 ps5 


(9-2 7) 661¥2 


(92-02 y)Sbu 
4 (eZ-0¢g)2WY? 


(92-02N)(WY? 


~= 


e) 
(2-02 Toque? 


I 


(2-97 4) 6.5/ YD 


(pr- OZ L)OGI7 


+O 


LSYIMNAI 


-” 


(g-J02) try (egies 


(9-2 W) 9612 


( £- N52) 2519? (9-2N)LB1Y? 


us 
Oar L-MBE)S13 


(On-96 Ios1H? 


oe 
Be intl 


737) 


(Sot 


Ww 


(W-H99 Sezw2 


~ Yo 


(WWI O72 HI 


~w 
(W-MLNEZZ YD WU 


Ja) 


7s 


(Sot 


IN 


(€9- 657) zzew> 


IR 
(£9- 65m) (22 7 


(E9-65L )oztxo 


) 


0, 


(62-5 W)OI2Z WI 


“—, 


K2 0203 Ss Se 


—_ ae 


K, 


( 


wy 
(9%-9F N)O/2u2 

© 
Wy 
OV -9E Ww) 69ZY) 


ne 
(9% -98 yn) L0Z¥7 
~) 


(@6-9€L) a 


~ 
\3 ~ 
ike 
KK 
1m 
ae 
—~™ 
he 
. ine 
(re 59)494 go\¥02UI 1% 
oe Na) 
oc_mn 
ihe 
K 
* 
( Tce 
“~~ 
it 
(LN $9) 95ar \Ko 
~ F995¥ os 2002 


w-5% 
2: 4S5ENBLY OWG, NO. £ $36 9015/3, 


Bu 
4 


ARE CE 


|-ALL RES/STORS, UNLESS NOTED 
2 
3- ALL DIODES, UNLES3 NOTED, ARE HD GE6Z! 


‘ 
. 


NOTES 


Pee 
‘ 


Gs et 
© oad ~ 
x) = 
3 , 3 <e) 
(9 YEsx2 s (#2. 02 x) 19w0 —— Pty 
<> z (Ee-629)72I4 os-st 7) It 
ae MLE IF 2IM 
N 
iN \GSAI IZ ~ 
4M ZEf Cre “ er (FE- 629) Ob MEE-626 Jae 66-58 9ez14> 4 = Sa pes 
. oo a 4 = poe i tay 
8 - bf? , CE - SE DCLia ~ 2a) x 
( Bzu (81-6 2)45a9 7 wWLO ( ? " aa: Sata oa Phe - yb nt = & is 8 
: ——ylee stajer x (sb -16N)6 2140 pet a ac sae P oO t 
cae (8 br3)9.sa9 5 ( £ SEG) 6Ea (CESES) 6109 fet 7 x Seana Rend x 
<’ co (FO BRIO a wes 
(8/- br 6) 02g, pig )ssw2 al pi w > 68 EBL)L® 
: x nm (5 it yaar x > \& aN oe 
(62-02 Dosw a ert, (€e- 62244? | (w-H8z) 6 14? at 
2 (62-02 7/0949 DS a ( ea =e a | a cezos om ae (Ge rO1}99: 
yn >t Sb- fry) F2FIMF : ; —— wh 
(b2-02 4) 614 (2.08 wesw Ww (€€-620) DES (€£- 628) 91H? E Y (€2- 616/20 (Ww £2) Z61e0 ene) $6149 < 
= ek 2 lemma ————p}- ceeogs ON 
(FOAL 1 22802 (e2-6wy) C8lw ae 
. (W-HSZ)OEIYD MY Oe 
estan al (LE-ER of 
(25-654) $U#? Sas 
(#02 B)zsx2 3? 2 9 
< ee me > 
(mx07H)1 $42 < (Ee ecm 
HM Ze . = ” _ mf 8 
; vw} 
(92-02 7 Oial(rx02 Yor 4 ic 3 (6 5-FSqEeee 
= 7 , ™~ 
ecg solewus 
(b2- 02 W)E be > 4 OD ise oS (62 6/s)e9e2 (Wr 9 OrZ Hw? 
LS-ESU)LEX (25: E59 )mw? = a) (WN LYEWS — 
4 Tosiiwes (wn S9/602%2 
Ss £56) Ord ~~ rT) 2 
ix (£ 2-6/3) 990 MZ9I (E4 69907 HO 
Se n 
Ls-es pecs ~- —p— & EL-6 IL) 292 x 
¢ (£2-6/2) $9149 = ( ) (€- 6 917/402 49 
vi x ~~ 
(LS -ES w)eorw ine Py, (6-6 
€2-6 Ld LEFF) VOL. 
+ Wy LEE IF ESO SCAN OM NE VEF ee 
~y . NS n 
va : (4 S-ES Whore? ——$}-—-—— SS ; , a 
(bz-02N)abx9 HED ie (erp ayei242 ee Se (F690) 198 (¢¢-69q)507¥2 
oO J 
wo (45- EIN) PEM 1 _ 
(op- 90) S12 (on 6 YQ (25-8 SW) 90%? _ > 
¥) (09 7% 9) ibe ae (e€1g) 2982 yz? (7-018) bOL a 
SS C8 te Lp Sor? (21-8 Y)eiee? —_——p} —— & ‘3 i 
yas PII 5 (¢-€ra 9102 I ans a halal 
oO \ 
>-— (15 £4 >)borne 3 rf 
(99 24.0) 14/99 20a )e5¥2 os 
( w)esy? < fe (2 [£12090 > M Woo FVII TOES 
Raacosera (/s-2b 7)€ 0742 OS Xv “ 
0 ro) y~ f 19 
e Loew. M 2P roa ie (6 E)/SA (ireiajesre é VLB6 543. yogMoz yo 
< UiscewseatsyrW) row lS (99-29) 92> ae 
(*- %E¥)LEu? ghee hg PSIM2 w2e CE 9-6 SH)002 wD 
t=) 
es a nm 
oe pete £>6. rt — 1g 
wee (om % 2) 98ND > ss ((s LEI) ba) (Sb -1Brpr019 (IFO) S/T HI (ne ae srw > alk Lad ccs: 
é 
(Ob-9EN) EIS *w i | ) a | pt —— © 
ci ; 
A (0% % W)S€y> < ee (1F- {86 w? (7-6 7) 95189 
ZS. - < iw ° = 
zs ™ ie) 
25-bbx)beu9 (oxo res (SbF) LEw? sb 2 
LzZ29¢ 
C o — 1h” em De 
(x5-Bp 7ecw- “ 1 G62 Bapee ¢ 
! M7E f 2 N29 J 7-9 SZ) SBIHI 
@— Anan —4—— se OT aN ae - ——P ! dd 
1 eo po Es se ts , -°-, ———- +p} —--—--- 
(25 BbON)ZI8es few ZEN eR a Seo ae ée 5, Gael te maa Pre s98 1 (7: ie: 
oo dans OO gag sajbtle - Poeen ae H 
; ers : = -—-—_o—— 'x r noe \ ane 
ee (98-65 7/62u9 co (96 26 7)1€89 er (SP-1b 06 ¥? (Ga-10 2)<6lx i (S-7 IB sree pK ered CF wl£2 few) 
< ¢ ~ * 
10 m 
(SEF-bFN) 114 “ (se-leo)e¢e : 4 10 
| A ) (8S b5W) 87a) S } YY Sb-/49)16H) Ss re (S -10 Ji srao 
= * 1 
2s BPL)LZAI ow PR) SIHZ 
f > : 
YW 2e 1S a os WE (5-1 OS1x 
(75-8 < - - w i< 
2$-8b : + C ~Ix 
A)OY(25-B¢1) 9249 we = ise areas ' (S Iwéba (S-19) 6re> 
x< 
= ° 
ca 12 = 
w-coL)szao —< (%- 4? ; + 
sag meer a (7-28 * woz IQ 
i 
(96 -2b2)6Y (9p-2eW)b 247 1 : Ue cazofa Ng 
< N 
2 it + (z7- 7) Ob/H9 
¢ ¢ Wee (os 9¢ 299%? (26-898) 26¥9 ; weer! ~ race c- 
a) i uM a oO 
M ee alae “ (06-%7)62y (op vere ee iS Mecca Ps Ps 
Ze? - aoe | (22-89 D640 
eeilares a) C) 
(25 -P6H/) OM /> ” gia es 
- "S> Zax 
( #3) iz YE (24 697) 98> ; (1-4 WeLiwe 
: — ie (27-8 L) S14? n 
WE (PS- 65 NEE iS w% ze9alorHo (22-87f)B2y (2¢-8on)seu3' (74 aa 
2 
(BS bs 7) he, ~ (27-8 7 )ob14) > en 
= SOS H)LIM) be : tac MLW) eSY (H- a 
— (ec-ea)68 42" ( } (17-6 L) hetero 
(M LINHA ss , 92o40 ' Ng 
zg 3 wer | OF of 2) 9e> ereaeawlh | 7-908) 19x) G Bg ——— (5-1) aoe 
(M-LL AIS ow apd nN 2d K 
= (W-£99)5 140 = (oe- C86 L2H (oe- of B)sey oh (s-1w) verre 
>— 2 uy 
Fame Pt— 
azo (9-959) p47 ic aa 267/614) ee a ee (5-1) ierea 
aS 19 ; 7 — 
(y PLd-FeH . nt ~ YO ve 
& (f-F PPE) na 9g (be-o€2)9Z4 (E-08 NEL a0 gw 1)oeu> a = (5-1 ae nes 
Yak = (2: 2A)Me (Re ELIMI << 
07-09) Slt) = 
am 4 mE (82-2 A)eLw? (yg z9)ew = (S1MESY (S-Hpema2 = 
(49-09 I) = ~* (92H) BE1¥> x 
M = r 
< “ ee, 
9-090)T¥ 4, saw)oin “ (9-27) LE Ia) S ne 0 
* (oe -0¢ 7)OL wd (B2- bi w eeu? = roa = 
Swe ty i (9-27)568 (Hec)sewo Ie Zz SLPZ 
(bs-09L) 12 (b£-CfN)b2 2 (be- 0BW)é sy? th 10 = 3 W2O@ 
Ie Aa) + 09 
(s-o9H)BH2 \~ Q \ (68-<Ou)boy 
ze Ss . BNC ry, 
9 . Cr ad 
(69-07 1/6 > (09-097 )LM EL 3 
(6£-5E 4) G9H? 
. 
we) 
— 
(6£-$E7)494 9 & 
oM~ZO Oo = et) 
WS ww 7 
(6e-Senjeza (6£-S¥EW)9942 : kK 
2 Or (66 Sx ocr. “o 
\ aN + EF o 
oN 
28 (62-SLY) 264 (6¢-5t AE enn pa ee 
(6>- 090) Ex? ‘ pac az 
9 =m 
<x 62- ra 
(69-09 za ( 45) (64-529) UhIY? , 
~ FE- 62 Ve 9a? & 2. >t CA) fe) 
10 BN 
om iW —p—— 2 
(69-09 WO (yg. 099) 12 |x" nm $ (62 Sex) 619? (c/-81MJ6 B11? 
- = (€€-62N)22Y (CE-62W)Z9N2 . A © c 
— (64-S¢L) OA (60-86 WN) a a 
L (6¢ JOG IMO (/-t ww) 9e/w2 (¢7- E/N) 88142 ac 


= 
= 
ws ge Pivid nv te ~~ 8 “a 
t re) wt is wm 8S HIQ iShMypiew Gt 
™ 


ve) 4 


bs 
2 
z 
+S) 
& 


3, Schematic Diagram 


B-5 


Logic, Card No. 


Figure B-3., 


a — 0 Lo — pm Lm Le 


CF COVG HF (WLP (L1-EW)EB YD (E2 6/66 kD 
2729S 


(8!- bi) p24) 


9: rie)entD 


(9 id cies $13) Yo 


") 


IK 


=o >t 
(2163 9€ae ety ESae 
rn 
<Q 
(2I- “gr SEss (¢@ i QlFS > 
IK 
PTE ATEN 
8 
“ 
P+ Yt 
(9.702)12\ (9-492) ey 1G -viyjf2¥I|R 
ies: x 
(BALI GG, giz > 
S 
\) 


Gare? 


Hoe 
76 9: ‘ Oe 


Ay 


a 


\INDICATE S OUTFUT SIGNAL 


a eS 
(tr gw)lle 


(2-8 MJB? 


+60 


(e2-ns 22 
IKE 
AK 


r iw? 
li Emm ve 1m 


u—- 


N 
(£2- ernie ay ~~ 
(u-e1eitia 


syeele ee 


K 

N 

- 
ae 


—_— 


Q 


(F092 )EY 75 oer 


(op-H S21 602? 
It 
N 


(4-H a2)Puy? (KD 


NO 62a 
ie ) (WHL2) 21 


(£2: 6/1 We? 
ies 


KR 
N 
(€ 2-61) 502 KN 
IK 
sce’ 
Cay 


-bin) 
(€2 ios (eae 


¢ EI TIE! , 
<* —™, 


Ie 


C 
P— HK 
(ei tw Joby Ban 
“~ 


ay 


a tae 4 
Me (LCED Ne? 


(7-6 eis 


C1 -L L)BOl dy 2D 


(F-/7)LO AO 


D 


Q 
($1 NVO 
~ 


IR 


IN 
C8 M)SCE (5-1 7)$ U8 


( 73 


(MLO! 9 rd 


(762) 9L1 HP 


(6-629) 9 51H) 


m~ 
Oo 
S 
z 
4 &’'D 
A Acre Q 
Aopen | 
-_ “2 . (69- GL SY | 
PPh . = we 
(3 62E LEY eee s : Ceenyee CF 18) SLI» 
o 
ye (28-4949, 957 | 


(ESE AEDST 
R 


(66-5€ 7) rere | 
Ir 


pt t, 
(6E-SEN) 9847 ory 
(95 SEW )ow 1 &- 


(7-v0g)CF oY 
(7-0/8 EL wD 


(Be - $C? 


(se , oy) se ry? 
TN 


IS 


>, — NN 
op e104 


(SP OPN SE c 
($P-thby) es 


(EL EIN )0S¥ 
(EL 69M) 69% o> 


= -pt---- 
(6£- 6E4)(HY) 
— on, 


ted we 


(6£ SEL) LN 


SY ip 7) std > 


st wt (66-58 ORY 


Kw 

aN 
ee | 
(oe se a}ooy' WY z= 

fat | 


aS orZ 
ALP 
(68-Lav/ore 


W- SZ 


(15: Le MUS? 
—~. 
KO 
is 
(is-ceg)Pha? in 
No 


Z 
a 


/ 


+©e0 


(9-120) INH) 


(S10 art pea) Q 


WIS 
pees 


t (Z- g0Uyre HO)F I! wf? 
—~ (EE-S2h) rte > 


eee 


iS 
IN N 


om (EL bEL (Pry? 


'§-Le7)6 215) 


CF LON) 2S x. 


aay aoe ee “ a le 


EL), AEE OF TPE CB 


| 
(a PLP e KR | 
| 


Pa 


, N 
(99-#eE)Er2 \ 


IN 
($-1W) £242 


(26 O9L/EPe 
" (ee-99H) 6512 


Ke 


(FAM) IMS ? { 26-99 7/51 > 


we 
(2L-99CO"W 7, ya) 814) ) 


ALL FESBISTORS, UNLESS NO 
2.4ALL DIODES APE MO 662/ 


fr 


NOTES: 


XR 

>~  *S ee ue -I oO ak | 8 
a se] vn a iat Qe abe ao (x 
in ras Te 


Logic, Card No. 4, 


Schematic Diagram 


Figure B-4. 


(ES 6/9) CGY 


(86-06 T)/8H 


L336 COI SSF4- 


AESELIGLY LWGo. NO. 


rH 


+O 


8S 5) loZH) 


IE 
(9% -2o J) bole) Te 


( 9S PS ns) oot 


+60 


. ie 
(heb hte (99-27) (Orw) (8S-OS pW )bbb¥) 


(PE ay 
DY 6 a8 thie? Ne 
(94-20) 202 


Wwe 


(PE-0EL) (61a 8S-FL)6La 


We (97-27 9)99' wD | (OS PS 7. Ga) 
| 
IS | 
N 
(PEVE NY) La eR (20- wee se, a (85-25 A)L6/4/> 
v- 


(WE-0F 4) 06H > 


a Sn, 


(PF-PSH/9LY (OS - PEF) I6' HI 


ae 


1 e ys 
a = a ) (SR) OO aw 
IS KN IK . 
~» 
WL Ko Re par le 0/55 N 
ee No Nan ($e 1 ee) bbIx> 
K IS KS K 
(FAADIEIDN (11-LI)CCYID | (t1-€/ 7) CE YI (si-$i0) OH & 
Le2¢9S O +9 
9 0 
WN \ ape re 
(F-NFGBAD | (ULI) HI (LE TILE & & SUMJE ol 27 D 
2¢¢ 9S 
Fe ae | Rar haieh a N . 
(F/O)PEw? (uy -cajoear (4!-£10) 96D (bk SLI/2 91d? ® 
Zt298 ieee: 
fj OR GEM) PS ef wa) 
—~ ook a ( (or- ve efor? es 
~ oN iy =e f 
- (hs Iks WS ee, (oe penetra 
IK Ks IN N 
ss Re ID 0 iN 
ne a sees “— — (OF -9E WN) hdd? 
o ao ay) 
= (OPW) PL? 
—\K I pt IS i 
(9-2 2)EBHI | (11-2)68H2 | (UIE 56a? | (Ez-6/ yore? + 


(OW 9EL/ESY 


> 
Leecos (9%-96€ Z)Lk'e 


WS te KS KR 
(9-2e)zBe? | (MM -LO)BBY? | ct-Cia)bé HD | (h2-6/9)001 & 2D 
ZtT29S Ng 
pp 449 2 1H ~ 4% SN 
(9-26) Bay? (UW LEVLPAD (L1-OIWIEC YD (£2 beg wD 
20298 


(4:-b19) p24) 


a kee 


| (Fo) VS) 


+GO 


(t2-aws 22 
IKE 


N 
rt, It 
Li EWy yo 


( 9-524) OJ 


* % 
ae 


= (E20 ME SN a 
FL) LON) 


(t1-€1W)£2ry 2 


5 Ee LS 


(8 Aw) b LA? 3. pB2)I2A4 


(3-092 )08 e7 


& 


(Fw. 2)0 bla 


(2B NK? 


(ple WS CIELZ? 


IK 


(15 -£9¢%) LLae 


(LO! 9 ert 


Ke 6 2e lS ef 


(SP IPNIS ES 


IR 


US-LED) FED 


8 
9 Le 
rt NK 


1@) 


Nae x 
9- 
+(E Pa: 6Sa)EEW? 


te 


(oe -06 2)2EL? 


He 
(46. %/)1E #7 


+00 


p+ 
(WE-F] 0a? 


ee 
(PE-0€ 3)62a7 


a 


OE ye 6 B)9CY? 


( 


(9%. 9E O)L2HI 


i 


(09-96 2) kr 2 


= 4 
(OF-9: A a1 dy IK 
(09-9€ g)S Ze 2 


=) 
(EE -bOB EDITS 


(6E-SEHJER IS? 
SN 
N 
IR 
“—— 


(9- (bby) jie 


~ 


(1$- Log) PW? 


(6-627) 951k I 


EC 62N)/ ter 
(EE-62w) C5 YD 


+GO 


+@O 


(LE-ESNYOEH 


cy 


(<F-E GM) I. of? 


~ 


(LI: fF a? 


(45 - EFM EZY 


pis 


(CF $$ NA) 207" 


9-65" )ELY- 


Tes 


(E965 72272 


( 


(CMEDZZY 0 69 5 swe? 


~ {er 
£9-65W) IL > 


wy 


K 


(£ 9-654) 692 


c % 


(£965 e947 > 


N 


(E965 2)L9 ef? 


E96 ZH 069-657)99012 


(< 


(EF-EFO/ OP ef 


—- Pe - ae 


(6 £-$E4) SY? 


IK 


ws | 
(mH 


-$-EFL/GIED 


In 


(dé G-EF DD 42 


aoe aneres we 


(66 SEL LUM! 


CS OI) So) > 


B,, 


Bio 


Gy 


Bs 


($719) 9L1 WP 


Bo 


(7-0 c 8) Lae) 


— ~ 
Ei mem 
(7-018 EL 


Ft - nd 
(62-$L0) $4 IN 
(66° 526) L'a) 


> 


(EL-694/ 001 


ae (ty 


(ECEI OS & 
(EL69N) 69 89> 


HIS gt 


(25 ESP 6%e! ~0 


(4-459) 9927) DO 


| 
| 
wig | 


(7-959) 93a) 


(7-1 F2/85a 


MIS 
(&S-EF >) Oba 


lS 


(W-HZL9) Eber 


WISF 


(E%-6/I)2 


* ~ WIS 


(96-869) bat 


(€<-699) Coy 


S/F 


(£2 6/99e) TO I (£<-690) bby 


(£5 -ESWI9Y 


MIG 


(27- OV) LP 


| 
= 
eR 
cS 


MWS 


( 7-96 9)90% 


MIS 


Cw C99) $88 


StI 
(7-9 99)b9¥ 


by / + 


(2-0 B) Foe 


MWS 


(62-619) CiN 


saIG 


(4¢-0¢ F) 18% 


§STORS ONLES 


a 


Ee fe OR od 


= 
~ , 


NOTE 


CONN & 


—_ 


a NK 
Rs) . 
iW 
is] 
eas oc 
ey 7 ie g 7) N WLC 92 
hs : 
% S ig Cy (69-520)6 5X 
cy = 
V9 bal < 52 
& : 9 
~ SVE ey Ic ~ 
N ae oC (6 &- SEP) 9Z/ wD + 
hy 2 > 
Si WOLZ 
peg (66-SED) $27 2 Aq 
4 
(69-SPT)OSH# 
“ a ee (6£-SEO) P21 dD | oe = 
eae (PS: PSN)OPYH (29-92 SPW AI vi = 
(17-2 7)694) (€€-62O) EZ wD x | S 
Pt 5 
“© y | [Ce xMssu(es-acryeny, Q 
= (11 -£ 9982 ty re \EE BENE : ? 
haa 
(9 <=) peer) Ss aah (27 AT)ZUHI 
° < 3 (Uke) 94 C6LIVEEM C66 2H) Z/2 
4 (9-2N EES? + 
- ( 28 -9LQ)EWAI 
; iS N) (€€-62D)021¥0 
(2-2 |ZEX? \fy-9S2 > 
(en Jeb '(7-952)99» | bus 9 
pi— Ix ° ML? | (EE 62a) 6/17) = rg 
5) : In \ ; 
(2-2L 6x2 4 gic)£9b99 Pas S | 7 W (9L-2L 8 )O6Y ( 2L-2L 7) 09H 2 5 
o9- o9N eee (€€ 
pt 62H)? 
(E2-61D) 29a | UZ F 3 TE KI 
+ : WOE 
; id’ 
9/7 ) ae a o 
(EZ%/b) (62-6/9)6 9e92 | le 5 Pa )ESA LF ESHBSIAD (PEOf VME (HE. 0F D)LNHI 
Sai etc = (66-SENL 2 
en (S-AL)Z9X%?P uy p> ey (7- 7 29)2 1390 , 29 GL. 2) FIA 
——>+- ory ~~ 7 Bs os \ —_ 
(92-025) 974° eee Poe, (SP) WIP Te P a 
($10) =~ WOZ | (7-VSAZGH (5: 79) 951.419 (78-8. o)9sy (29-9L9)S91a2 
iS = ig 
(FAZ)LIF 0 ! xe |) 
Se} E> i " 
ioe chats ‘ bf OF | (SPIRES AD | | 
‘i 4 ! 
— % (é1-€/L 3 2 (coisew — Wa 
ae [BY ee eag. 7 ee : . (SP-10H lio? 
(e: Jay. ae : psu uy WPS . 
(SP-(PQ)2 2 
\s 
wos | (Fe eDis? 
LN od ie ae ee s | 
: : 2 enna io 
F 2 rin ee ix 
pt SF 2. AS) ESIN. 
ee oe | G eat i casi 
2 ’ Ee en es 
“NX ht — EP-EL by OSH (69-62 P)OGIHD 
Gee (B-7 W}6 er? 
6 w 
vv : o 
me : mae (99-PEY Loe 
(6 -SEN) SS wD - fer 2 ee 
. heme o 
Ss SEPI/OEY ¢ 4+ 0 9 
(99 29 Yo? (95-051 GOA? | iid pear see (6959 V)IPH | 
2 ee eB 
~ a 4 fr. reo }eox? | (6 62 rho bl wt 
od Mian re pee WOE 9 
| ovale aoe em ea a aca Mion, rete es pameaarae sy 
(29-O9S)SH($9. 09M )P 2” , = a 
; sl Set. een oat 
a me (9D 208 JE. * tap.2 "9g)28x2 ( : (€9-6Lazo yD 
| 79 09D) §'b- (9 -2b2 Jeo/x2 
{ a 
—~—-—} - S oO 
rg Per. a 
Ww a> - + 
AWA . H-1y 0 o ~o 
y 1N — 
AOIIPY, $9.09 Eo? i ee (LL-ELD) 151? 
. O “AES 
i be te) - ue 
( 99) > ° Q (2p 26 F) OPH 0 op. 2p 7 JOE YD 
™N AG - 
Ix a 
~~ — + 
S 
( 7-999) i. (#7. p FJ oD (Li E(D) 101 (TE PEL)OE/ 2? 
: : ‘O.8 2} : ee! he ") Ww 
, POR D082 1-1 Dor 5. 96a )é E12 a 
7 | i ide wee |' < (vé gae sae 
| Gt de Joey (Bw Pi Re iE 2 os pajses S fa 
. | (9-0 free phere (Git F be 2 : “II A)GE OD PEOEH)9Ee ars 
in? . tr 
" LESTE is : (PE OE DEP ees Ie yy 
: | (fe LPP ECS (LEZ) 0X? vee (FE-9E I) $ E1212 y 
a | is th ie 
iw te, | pee (sez Cre? (£7-E4A )LExP (L0-847) eP&ler - OD) 25/92 
{ a aro es iG? o 7 ry 
é oe . t /6- a 
QO (eee Ek (09-20 ig I aes SG LEE MID (46 SL 2) EE a2 DEI) Ob/ o> 
ES a) - { = 
eae, remuare oae ; : ' inal ry 
o \y (SF 22 D]IA9 5 (21-8 C)9L o> ( FAV HI LOL 7 )2EM oD OL) Ob y 2 
> “a ~“ ~ 
: —et- 0 8) IQ vies un 
oO ge GI) Sa? | eS) (CLEP ") 
“ > ¢ i | (20-82) 3649 W2e | ( $-12)s649 (LL ELAN E 1 ef? (M-262)ir #2 
——-pt- 4 ro ye ae Ke 
> 8 25 os BIZ (95 05 F)Pe9 Ate ES EAN pce epi pie (21 BENE 05 2g) oD (FARM S eyzeu2 | (OR eke > 252) 
4 | ——+ —— w) 4 
9 
S " Cigar a) LE er? (9 -2o)&le ( (/- LA) E622 0 OP-FEW)6Z 1d D 172 )5e: a5 
\, \ ~ ~~ *. 
Cj S tt nal Ss Te} —pt— - uv , = 
oy . me ened i (rr Fee Lay Mw Ze ( Lf -LID12%6 ao a Sas oa 82 a: Ny aed 
Re ‘ AANA pp a 3 Y ANA y yh a x 
Nyy : ne ($0 Mors fa FP) On YQ ag Ww uw be 
A (22 pile (eS EHNe3 te CIS-LIDSES = Ba eee (2 -2e) lex? Co see 4 Lf -€@NE as (2 EFM om 96 40 2-0/2 (u- G7 )}e ee 
ee : - ; “ . 3 
ty 
N try é 
WH 
oO —~ pas N A = 
~~, m™ 3,0 Agar oe oo age aoe YAN 
PPT age PT Pes snl SER Loe anid Sts rachye Gu wf Leal UN - 
tS ~ 
: + 8h 8 
IN \s “ 


| « 
NEN, Na 
° 
<x 


wm 

N 

¢ 2 

ao! OI Ie THIS Ty 3 


SIGNAL 


Diagram 


Logic, Card No. 5, Schematic 
B-7 


Figure B-5., 


(PE-0€ W) lag (: PE-0€N)I99 


CONN & 


CONN. A 


we K 


S-VSQ)ZEYD (LL-ELY) 6 LY 

VLE g) | : 

SS1SV)WAGSESE dae Mor Nebel os 
oe ol 

69 OFA) CEXD LLELPEA LLELT LLL 

WL - S 


(LE-ESGH) HAD 


‘ 
(L5-EF7)SLYD 
igo 

(LS-ES7)¢lH9 


(9 09tea(op org Jezaa'® 


(Z1-9H)e2e9 


a 


en" oe 
(/F-LYL)ELAI 


W Zp |VUS-lbpyiexe 
W 


(FLED 2M 1 Cy Holy? 


(Lg-€5£)6 9x9 


We 
(L9-ES)8949 


GLULV)RY (MLE OB) Ez 


(7¢ HI)ey (26-dL¥) (2 (€9 -650)L9e9 


YWLe % 
(H02y)9u w2o7g)ous 


Mig _ 
8 
€9-650 olz (\ 69-459)9920 


LS£€50)s2u9 


Na 

LS-§5¥) vr Ine 

(F2-020 9149 ( ) era Ba dias 3 
(2/-87)4149 (LI-€14)€949 

ree a’ a” 
(21-8N%a4> (L1-E/F ew 


(€9-BS PII 


IW? 
(€ 9-65H)09HI 


(-b50) S129 


( 7-759)6sa9 


se 
TYLA 37-19) 8540 


(9-652 )na1 (965199 > 


(90-lbL ose 


a 


(SP-/tH)PS49 


(O7-9€T)6 a> 


x 
PEOETEY (4E-OFD) SAI 


(PEO bad 
, " 
(66-062) za (PE-oF aed 


MLiké 


(€2-G/) 86x) 
t 


: < 
(€2-6l very (€z-6ra)eeu47 


| (PE-OFL)Z 49 


Wle : A Le 


We STO PIa 


~ + 
ROrF ROP HTix 


~via 
Gite 2s 


x 


~ 


y 
9 Ze 


“™~ 


x 
*(9-¢azu 


too 


(L-E/H)ZEY (£/-E1L) 82149 


(er-€1D)2 21347 


¥ BS 
(L/€14) P2149 


Wf ZE 
(EV ONE 


($-12)$2laI 


1S 


5-/)0EX (S-/@ )bz1a9 


MW 2G 


—p—- x 
(//-L@)2 iad 


(1-LI) a9 


(NW-L fA )orla2 
IS 
(11-LM JEU 4 
— 4 
[N- Lena? 


—_— 


= 
(St-L Lena? 


L YE 
(ULF )624 


téo 


Sais cnn 
(9-29)zorwa 


la, 
13 
(9-20)924 (2-2@)1o1wd 


MEP 


(81-71 9)00/49 
A 


, = 
(6-0/0) S24(81-v1 DEEMI 


4 


(9-2 )sorr 
(9 -ZL)oorws 


(9-2 £0172 


Mov 


4 


Ww Ss 


= ° 
(Z1-e)tevad 


hon 7 


(Z/-89)9¢~d 
(Z/-8D)S6ud 


(91. tri 7) bord 


* 
(8/- PIL) Eb xD 


wy 
(@/-#1 ¥)%64> 


~— 


aS 
(8-11) 1620 


+ ZEB 


(8/-0/7)%2y 


Wy ™ 


(B2-OZH )zwreo 


N 


.@) 
( ea 


ix 
(72-02 7 )owmad 


Ka hs HG Ww, We 


— 


nN 


(Ov-9€ 4) 91/0 

= 

(0%-FEL) S409 
a 9 


(00-967 enw 


Cad 


Ix? 
(OF- IEF) 2140 


9 
Ix 
x 
% 
lx 


( £-J0L)tee 


5S 
0 
S 


+ 
(E0-6LL)EEY (EG ELAWENSI 


2“NE97 


MOLZ 


+60 


(9L2L.7)9staro 


IS 
(9L-2L H )sstaa 


e 
(9-2 SIGEY LS 
“= (9L-7LO) 95149 


(L-CiLjesraa 
6 
S) 
£-d99)zs1a2 
rt 


OQ 
(£-269)istao 


OUTFLUT SIGNAL 


nq 
K 
X 
= 
Q 
= 


( 68-SBL) oom 


wry OG 
eof 
Y ie 


I< 
(z 5-CbY)osi#2 
© 
fd 0 
Sw ze | (er ergvens . 
+ 
(25-840) 96x < el a 
(25-8b>)8p/ wD Pe 
O (1$-Lb4)9b1219 
= d 
< IS-Lva)s€ = 
3 Gave (1S-Lb)so42 
=. 
HH} 
9 
xX 
ise a 
+ 
| & 
s 
N = 
3 N 
* \ ’ 
. 
(06-rga)ree 
(€€-62V) 99/2 
= 
a (€9-6LH 6 E129 
9 wn 
(E9-6L7)8€1x7 
. NX 
ae) 
(EB-6L T)LEIHI 
==, —-PtE— 
($2-02 obra (28-61 2)9€1a) 
1 aw 
(b2-o2p)ewao yp) | (86l8) 5E129 
£/ 2 
5 rg Ww’ 


S) 
%Q 


Logic, Card No. 6, Schematic Diagram 


Figure B-6., 
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Logic, Card No. 7, Schematic Diagram 


Figure B-7. 
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Figure B-10, 


CONN. A 


— 
Neal 


(6 2-6 1n)bYy (4/-E1M)Ete40 


($-17)20a2 


z 


(5-10 ite? 


0 +60 


(9-29) bEx7 


“_—_ 


+ 
ay 


(27-8 7)1Ea) 


i 
PS 
9a)0Ex) 


x 
(2-964 (2/-89) 824) 


(21-81 )tz49 
Ty 
(2/-8 H)9242 
In? 
(21-82) $749 


= 
(21-84 O24) 


(9-2 Ezy 


B-14 


wWE/ | 


(p2-02L)b1x4 


WE! : 
(b2- 02m) EI 


iY 


(L) 


bz 0 
_ 


(€2-6/1) 21x 


~ 


ARE zW. t5% 
L536 CO! S25 


) 


4. ALL RESISTORS, UNLESS NOTED 


2 ASSEMBLY OWG. NO, 


NOTES: 


ge ae No. 
A 
TN Sua pe OUTPUT SIGNAL 


SIGNAL = 


UN 


ae 
wy 


Logic, Card No. 14, Schematic Diagram 


Figure B-ll., 


‘ 


NOTES: 


CONN A 


|, ALL RESISTORS, UNLESS NOTED, ARE CBEW-5 fo. 


2.ALL DIODES, UNLESS NOTED, ARE HDG62/. 


3.ASSEMBLY DWG.NO.LS360901526. 


OS tsa 


+60 
Ws 


(£/-E/p4) ste? 


Ri 
(£/-€1 7) rxw2 


x 28 i 
vy 
( Lepper (2/-€/ 41) € 1499 


(£(-F7 7) 229 


N 


= 
( €2-6/@) 1129 


~ 


> 


(LHE1v) O19 


ve 
(LHe aLao 


in 
(&2-610) Pal 


In” 
(2-6/7) $42 


Ty 
(M-L0)I4 (y/-pe)ia? 


Iho y 


nels 


ae 
(€2-6IN) zea 


0 +60 


(7-V5Z)1€210 


(27-02) ose 


& 
AN) 
(7-792)98 (F-V9Z)ez~o 


€2-6/p)e@2e2 


i) 
(E2-€6/ 7) La (EZ-61H)9z4d 


€2:6/O) sew 


e 
( €2-619) 9 ME 2-617) bzw? 
® 
S 
O 
(5-17) € z¥a 


= 
= 
(5 -/7) 22H) 


x 

9 

iz 

($-r) 12x09 


28 
= 
/ &-1 Sf) SH ( ¥-/ ora 


(4H, 6/4) 


2 
= 
(//-L£) B29 


N 
is 
(4-67) bier? 


128 ey 
= 


(/1-LN) oo (1-231) 91a 9 


ny 
Nn 
4S of QS one Sof eS S'S 


ate 


S 
= 


ae 
(8/- #1) 6 bara 


0 +60 


2-02) Berd 


2-027 T)L bad 


MIS 
(F2-07L/E 1a e024) 9649 


(91.¢/H) ¢¢¥) 


a 
(91-017) b 647 


5 
(1D 22 (9/-vIg)E bw? 


(9-20) z~u> 


I= 
(2: ZZ) 


x 
° 
= 
(9-24) 0b49 


N28 


\= 


(2-2) lY (9-2H)6Eu0 


(21-9n)eEx? 


(Z/-PL) LED 


(2/-EM) O18 (27.99) sEx? 


(9 -Z2)b¢u> 


é 
(9-2 ex (9-zb)eee? 


B-15 


Kqks 


(9-ENJesx2 


er 
he 
(2-2w) Os wo 


0+60 


28 a 
a 


ov 
(2-08 7) 81x ¥2-02 0) 9549 


* 
SS) 
O 


N28 


> 
Ww 


(b2- 02 LIM (pe.020)5.5 49 


\y 


[> 


O 


29 
ao 
(27-9) WA 2/.9g)boS xP 


mM IS 


(9/- a1 2)/S$ a9 


JS 


( Ob e) oI (o/-2/@)0s%9 


c 
N 


icilooae 
R 


(8-P1N)SIA (Gy pw) 2sea (21-9 D)LEaO 


INDICATES 
OUTPUT SIGNAL 


Logic, Card No. 12, Schematic Diagram 


Figure B-l2. 
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Figure B-13, 


NOTE: 


2 
oe 


5. 


x 


Wd WwW 


|. ALL PESISTORS, UNLESS NOTEO ARE C8 
2. Atl DIODES, UNLESS NOTE O ARE HD G62) 


3,ASSEMBLY DWG. NO. LS3Z600I( 429. 


" 
S) 
O) 
0 
x" (9-ZH/6!4? 
+ 
'y 
(9 ea erg2 
\° 
(9-2g) 
MZo ‘ ¥ 
\ 
(9- eye (9 -eg)9' A? 2) 
NE 
(geo 
v 
(9-zg)riw? 
(2/- 9H EIA? 
ie 
(27 gM lel oO = 
< 
(2h BL Mev? 
he 
(2/-8 7) Ae 
MS Mi 
(27-8 WIE (27. 9W)622 X 
(21-9 782712 
us 


(trez Lo? 


( 21-82)9e? 


e- /C) Ge > 
( gy - 9/9/74? 


( B/-W HEY! PF-9/ Z)EXI 


Qo oOo WW ° 
FRAN AIA SMe 


10 

@ 
Were) e re? 

| N\ 

(E2619 )2b4) . 

We 
6 (€2-6/V ie? 

: 

wee (LrEl Joby) 
(LPENV)ONF 1 1 819) 66 a9 
(£+€/0) GE o 

wT 
(4617 LES? 

o 
(L1-E/7)9E aD 
LLM) GE MD 

Se 

—+—— & 

RLF ee (11 LQ)OE 49 2 
(W-H9Z/ECH 

a 


(W452) B22? 


(ESBS 1 67.6 17) 982 


(ez ¢17) TCH? 


para |S 
(2-6/7) 57H) 


“ie be 42 


(LEE) IS 11.6) y EZ 


(11-69 )N2e7? 


“Ww 
VPM yt Kurelis 


B-17 


9,  - 
mong LIE FS 


0 
N 
N 
Q 
g 


OUTPUT 
S/CGNAL 


(75 74 7; 72) 


— 


(1-99 )L0H) In” 


+ ( P-8LE)E'= | 1.997 ony) he 
+ 
2 
IKN 
IK 
Ine 
(7 PSC) SPY WW 
9 
° We of 
$+ 7-012) Nes s 


(7982) bbe 2 


Sut 8 Twi 


Logic, Card No. 17, Schematic Diagram 
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